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UNIVERSAL METERING OF WATER SUPPLIES! 


By Jonn Ericson? 

About three years ago I instructed Col. Henry A. Allen of the © 
a _ City Engineer’s staff to proceed with the collection of all available 
data on the subject of metering water supplies, and to present the 
same in tabular and statistical form with such explanations, com- 
ments and conclusions as would be advisable, especially as it would 
affect the City of Chicago. The purpose of the study was to bring 
out as clearly and accurately as practicable, both by a policy of 

continuing under then prevailing conditions, as well as by patty tee 

f a practical policy of metering of the water supply, the effect on: Ps ‘ 


. Operating Costs 


2 
3. Revenues 
4. Purification 
5. Health and such other related subjects as may be pertinent to the 
question 


I suggested also that the investigation cover the past records of 
the Chicago System as far as necessary and the projected results 
for a period of about thirty years in the future. a 


1 Presented before the Buffalo Convention, June 8, 1926. 
* City Engineer, Chicago, IIl. 
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In presenting his report Col. Allen prefaced the same same with some 
pertinent remarks, part of which were as follows: 


Equality is generally linked with rights. The citizen most invariably 
assumes that what he claims as a right he should have and that the Govern- 
ment should enforce his possession thereof. Unfortunately, rarely does the 
citizen look at the necessary corollary to the claim of a right, that the other 
citizens have equal claims to their rights. The citizen must, therefore, grant 
those others their rights, and must assist in enforcing the rights of others even 
against himself. This, otherwise stated, means that all citizens have equal 
rights. Often, just at this point, selfishness, avarice, negligence and similar 
characteristics begin to interfere with the good order of things; many citizens 
are unable to restrain themselves when dealing with the plain rights of others, 
and still other citizens are unable to recognize in the state, the whole, of which 
they are a part. What injures the state injures the individual. Many who 
will not violate any principles of good government as respects individuals are 
totally conscienceless as respects the state, and look upon the state as some- 
thing to be bled or drawn upon for personal gain. This view is fostered by 
general public indifference ; otherwise expressed, ‘‘what iseverybody’s business — 
is nobody’s business.”’ 


TABLE 1 
Number of services unmetered. 329, 366 
Delivered through meters. 100,196,219 ,000 gallons 
Revenue from metered Water... .. $6, 161,214.07 
Revenue from unmetered water. $3,833, 552.53 


Applying the above to the concrete, every citizen having equal duties with 
all other citizens should perform such duties. He should render a just return 
for all his rights. Failing to do this, he is encroaching on the rights of others 
and denying his own fundamental claim. 

The rate for services rendered by the State should be just and equitable. 
As the state does not operate for profit, the rates for services should be based 
on the cost of such services and so paid for. Then will both rights and duties - 
be conserved. 

At all times, in attempting to enforce duties, specious arguments are in- 
troduced to avoid their performance, and, therefore, in effect, denying others 
their rights. 

Square dealing should be the prime consideration, not only between indi- 
but between and and their individual 


: 
—e 
ai 
if 
’ 
= 
§ J 
rae 


UNIVERSAL METERING OF WATER SUPPLIES 


citizens. Favoritism and paternalism cannot but result in dissatisfaction and * 


eventually in anarchy. 

Discriminatory or class legislative rates are basically illegal. It would seem 
possible that a large user of water purchased on measurement or metered basis 
could have issued a mandamus order to compel the city to charge for water to 
others under similar conditions at the same just rate.~ This brings up the 
question—can discriminatory or class legislative rates be justified or held by 
due process of law? A water consumer is entitled to receive that for which he 
pays, and no water consumer, at the expense of others, is entitled to receive 
more than he pays for. 


As a concrete example of how the principles emphasized in the 
foregoing remarks are actually applied in the City of Chicago, as 
far as its water supply system is concerned, I present the data 
in table 1 showing the results of its operation in 1925. 

An analysis of these figures will show that the metered consumers 
in that year were paying 62 per cent of the total revenues for 30 
per cent of the water pumped,)while the unmetered consumers paid 
38 per cent for 70 per cent of the pumpage. Deducting the amount 
of free water, estimated at 17,640,000,000 gallons, the metered con- 
sumer paid at an average rate of 6.15 cents and the unmetered con- 
sumer at a rate of 1.87 cents per 1000 gallons of water received. 
When considering that the metered consumers were those using 
large quantities of water, this unfair distribution of charges becomes 
even more marked. 

As far as Chicago is concerned, to call the above quoted principle 
to her attention seemed, therefore, to be quite justifiable. 

One of the arguments against metering public water supplies that 
one frequently hears is that water like air is a God made commodity 
and should be as free. This argument appeals particularly to people 
in a city located on a Great Lake, like Chicago. If water were as 
universally distributed as air is, there might be some logic in this 
argument, but, while the average citizen when turning on the faucet 
in his home seldom stops to think of what is required to give him 
this convenience, we water works men know what time and effort 
and money are needed and expended to construct conduits, pumping 
stations, pipe lines, purification plants and what not, that are es- 
sential factors in nearly every water works system. 

While air in its natural state and pressure, permeating as it does 
every space and crevice on the earth, without any effort or expense 
on the part of man, is truly free, those that require it at pressures 
greater than nature provides find that even air is not free, but that it 
must be paid for on an equitable basis. 
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JOHN ERICSON 


Electricity for the purpose of this argument may be considered 
even more universally distributed than water and even than air, 
but when harnessed and furnished for the use of mankind it is dis- 
tributed and paid for on an equitable and fair basis. 

The method that has been and still is in vogue in so many cities 
of charging for water on the so-called frontage basis has led to the 
unfair distribution of charges for, and a great waste of, this com- 
modity that we find in so many places. 
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‘That there has been an awakening to the injustice and injury 
caused by this method is evidenced by statistics and reports that 
have become available from time to time (see figure 1). Some com- 
munities have acted with promptness in this matter as soon as the 
economical part of the question has been pointed out and understood; 
others have adopted measured service of their water supplies out of 
sheer necessity and as the final solution of the problem of furnishing 
the citizens with the necessary supply of water. Other cities have 
persistently refused even to listen to any arguments or to facts tend- 
ing to show the unfairness of the frontage method and to any evi- 
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dence tending to show the great economy and advisability of Hck a 
measured water supply. aa 

There has been a great deal written and published on the subject __ 
of metering of water supplies, and to present anything new on the _ 
subject in general to a body of men such as are gathered here at this — . 
Convention is not an easy task, nor do I presume that I can do so. © i. 
I have, however, gathered some additional up-to-date information, 
which does not bring out any startling new facts, but which may — } 
be of interest in some respects and a confirmation of other statistics _ 
formerly presented. | 

Table 2 explains itself. It will be noted that even after a system > 
has become 100 per cent metered there is a gradual upward trend in | 
the average per capita consumption. This, of course, can be no 
argument against meters. It is generally due to one or more of the | 


1. An increasingly higher standard of living. Ae 
_ 2. Increased pressures in the system. eine 


3. Reduced rates by reason of more economical operation. 
Increasing industrial activities. 

It can be seen from this table that metering unfailingly tends to. 4 
reduce the per capita pumpage and, consequently, the cost. Pres- — 
sures are increased and a more equal distribution of charges for — 
services rendered is made. 7 

As an illustration of the result of the frontage system of charging _ sn 
for water and what metering may accomplish, the following may =f 
serve as an object lesson: 

A section in the southeast part of the City of Chicago named 
Hegewisch was known for its great waste of water. This is a resi- — 
dential district consisting of small homes and two-flat buildings. 
The few industrial plants in the district use water at a comparatively © 
low rate, namely, about 26 gallons per capita per day. 

Irrespective of the fact that the former ordinance did not require 
the metering of premises such as were to be found in this district 
special permission was obtained and means provided for metering 
all premises therein for the purpose of noting the effect thereof. ag 

It was understood between the city officials, but not communicated 
to the citizens, that the meters thus placed were not to govern the 
charges for water, but that these were to be continued to be based on 3 
frontage rates as before. These meters were placed during the 
latter part of 1920. Immediately after being placed these meters, 


‘ 

=| va 
uy 
z 
‘ 
‘ 
i 
- 
Th 
4 
a 


its 


ny a total of about 850, were read, and about a year later a second 


= value of $171.49 passed into the premises. 


_ reading was made to determine the amount of water that had passed 
through each meter during that time. 
The great variation found to exist in the use of water in the various 


_ premises was astonishing. Thus, one two-flat building that was 
_ paying $9.28 per year under the frontage rate was found to have 


been using water to the amount of $145.17 under the meter rate, or 
at a rate of 1587 gallons per capita per day. Another similar build- 
ing paid $9.76 to the city, while the meter showed that water to 
Another paid $6.38, 
while the meter showed that $185.98 should be the proper charge, 


and so on. 


On the other hand, there were many premises that had used less 
- water than they would have been entitled to under the meter rates. 


‘ ‘ae os one paid $11.64 per year, while only water to the value of 


- $6.07 passed through the meter, or at a rate of 44 gallons per capita 
= day. Many similar cases were found. Many premises were 
found to have a very low consumption per capita, principally in 


streets where there were no sewers and no inside plumbing. 

- Another interesting lesson learned from this experiment was the 
moral effect that the placing of these meters seemed to have on the 
population of this district as far as the use of water was concerned. 


Before the placing of the meters the average domestic daily per 


- eapita consumption in this district was at a rate of about 433 gallons. 
_ Thirteen months after the meters had been placed this domestic 


average consumption had been reduced to about 75 gallons. As the 
Brine began to realize that the cost of water remained the same, 


_ whether they wasted it or not, the consumption gradually increased 
- until it again has reached about 160 gallons. 
This is the first district that has been placed on metered rates 


under the new ordinance. It is expected that the average per 
capita consumption will again be reduced to about 75 gallons per 
day. These results are graphically shown in figure 2. 

The water supply question in Chicago may or may not in general 
differ materially from that in some other American cities, except 
that the per capita consumption there is unusually high, being 285 
gallons per day, but, being somewhat more familiar with the situa- 
tion in that city, I shall beg your indulgence for describing somewhat 
in detail what the water supply problem in general has been and is 


as it it be applicable to cities. 
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Chicago is fortunately situated on the shore of one of our Great 
: ‘tation so that there is always a potential, inexhaustible supply of 
re . water right at our doors. Owing to the gradual pollution of the 
_ waters in the vicinity of the city by sewage, shipping and from other 
- sources, it has been necessary for many years to place the intakes 
_ two, three and four miles out in the Lake. This again has necessi- 
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Fig. 2. Errect oF METERING IN ONE SecTION OF CHICAGO 


- tated the building of tunnels and intake cribs, which require con- 
siderable time in construction. 


Owing to the rapid in area and 
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tried the financial and physical resources of the city to the limit, 
especially as no bonds placing any burden on the community at 
large for water supply purposes have been sold, all extensions and 
additions to the system having been paid for out of revenues for 
water. These facts are graphically shown in figure 3. 

When about the year 1900 two large new pumping stations and 
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some additional pumps in some of the older stations, added to the 
system, were placed in operation, increasing the then available capac- 
ity of 323 to 500 m.g.d., or over 50 per cent, it was expected that 
there would be a let-up in the construction activities for some 
time, and that Chicago would have an ample supply for many 
years to come. 
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JOHN ERICSON 
Hardly more than a year had passed after ‘this great increase in 
capacity before many complaints of unsatisfactory service again 
reached the City Engineer’s office. A special investigation was then 


pumped. It was found that less than 50 per cent served useful pur- 
poses and was really needed, and that the balance of an pampeye 
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Parks and boulevards (free 
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Underground street leakage, 
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countable. 28 | 140} 28 | 40) 8 | 196) 28; 56) 8 
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800)160 |3080 


Total average daily pumpage.| 840/280 |2200 


was lost through plumbing leaks, leaks in mains, pump slip, and 
\ through wilful and unnecessary waste. 

A similar situation was found to have existed in other Lake cities, 
as well as elsewhere, and a satisfactory solution had been found 
in metering the systems. 

A report setting forth the facts as found was then submitted to 
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the proper authorities. This report called attention to the conclu- 
sions to be drawn from the investigation; that neither the financial 
nor the physical resources of the city would eventually permit the 
policy as pursued in Chicago to continue, and that the city without 
delay should, therefore, adopt an ordance providing for the metering 
_of the system in the shortest practicable time. 

It is undoubtedly known to many of you what persistent and con- 
tinuous efforts have been made during the past twenty-five years, 
since this first report was made, to bring about this much needed 
reform in the management of the Chicago Water Supply System. 
In order to illustrate how important this matter really was and 


TABLE 4 
Revenue and expense 1925 to 1960 
POPULATION 5,000,000 POPULATION 7,000,000 
Present Universal Present Universal 

metering plan | metering plan | metering plan | metering plan 
Total revenue.... .1$557 , 000 , 000/$452 , 000 , 000/$712 , 000 , 000) $555 , 000 , 000 
Operation. . ... . /$810, 000, 000/$193 , 000 , 000/$390 , 000 , 000)$240 , 000, 000 
Repairs and semaine. 150,000,000} 107,000,000} 190,000,000} 134,000,000 
Additions and extensions. 164,000,000} 21,000,000} 210,000,000} 30,000,000 
Total expenditures. . ... .|$624,000,000/$321 , 000 ,000/$790 , 000 , 000) $404 , 000, 000 
Excess expenditures. .... $67 ,000, 000 $78,000, 000 
Surplus revenue........ $131,000 ,000 $151,000, 000 


has since become to the City of Chicago, I have had prepared some 
diagrams and tables, which are presented herewith. They are self- 
explanatory and need but little comment. 

Chicago’s Water Supply System at the end of the year 1925 con- 
sisted of the following main items: 


Pumping Stations............ 10, the 11th being under construction 
New services added per year..............-..eeeceeees about 8000 


| 
UNIVERSAL METERING OF WATER SUPPLIES 409 

| 
A 

- 

Loe 
: 


NOISIAIQ YALIW 
NOISN3LX3 Jdid YSLVM 
LYUVHD NOILVZINVOYO 


[wr [erst ] 


zi 


40 ) 


SdOHs 


syuodoy 


| 
Sc g 8 + 
| 


Tt will be seen by examining tables 3 and 4 that unless a universal 

metering policy or some other practical method of eliminating leak- 

age and waste, be adopted, if the population should increase to 

7,000,000 in 1960, which, according to authorities such as Professor 

BS Goode of the University of Chicago, Professor Bailey of the North- 

a - western University, and the Chicago Plan Commission, is a very 

conservative estimate, this present great system would have quad- 

_ rupled in thirty-five years, allowing maximum consumption to be 

150 per cent of the average. 

Due principally to the position unexpectedly taken by the United 
States Government in making it a provision, in granting a permit 
to the city for the withdrawal of the needed quantity of water from 
Lake Michigan for sewage dilution purposes, that the city meter its 
water supply in a period of ten years, the City Council on September 
1, 1925, passed a universal meter ordinance, which ordinance is now 
in effect. 

Thus the first victory in this long drawn out battle has been won. 
The next step in this municipal drama is not any less formidable. 
There are about 330,000 unmetered services to be metered in 

ten years. With 6000 or more new services added each year, a pro- 
gram, whereby some 40,000 meters must be installed yearly during 
the next decade, confronts us. 

Considerable thought was given to an organization that would 
be able to accomplish this task. Figure 4 shows the organization 
recommended by the City Engineer. This aimed at a concentra- 
tion of authority and responsibility and to facilitate the work we 
had in hand, so that there would be the least possible lost motion. 

The Water Pipe Extension Division, one important branch of the 
Bureau of Engineering, which has supervision over the construction, 
maintenance and repairs of the distribution system, has always had 
as its head a Superintendent who was not required to be and is 
not an Engineer. ‘This is an inheritance from the old political sys- 
tem, although the position is now under civil service, but not classi- 
fied under the Engineering Service. Some years ago practically 
every man, including the superintendent, foremen and caulkers, 
but excepting the engineering and clerical sections of this Division, 
became a member of the Plumbers’ Union. Since that time the 
Union has made it a rule that plumbers and plumbing inspec- 
tors must not take orders from anyone not a member of this 
organization. 
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In order to avoid strikes and other difficulties and as previous 
meter connection work had been a function of the Water Pipe Ex- 
tension Division, the meter installation program, with the exception 
of setting meters, was therefore left to be carried on practically as 
before the passing of the universal meter ordinance. I 

The meter testing, repairing and setting has been done under ( 
a Meter Shop Superintendent, who reports directly to the City é 
Engineer. The men employed in this Division are members of I 
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Fig. 5. 1. Total expenditures unmetered plan; exclusive of sinking fund c 
and interest, estimated from part trend. 

2. Expenditures under metered plan, exclusive of sinding fund and interest, n 
and also exclusive of cost of meter installation. Taken from estimates made lk 
when meter ordinance passed. c 

3. Total cost under metered plan, estimating cost of meters installed at d 
$30.00 each avrage. 

4. Total cost under metered plan, estimaiing cost of meters installed at 
$50.00 each average. Pp 

e 
the Machinists’ Union, who also have their particular rules and n 
regulations. n 

These conditions, especially in a large city where Unionism is r 
strong, make it rather difficult to carry on certain work under ideal 8 
arrangements. 

The setting of meters proper, which has heretofore been done by 18 


meter setters employed in the meter shop, is now, since the passing 
of the universal meter ordinances, claimed by the plumbers. There 
is, therefore, a situation that is not conducive to the most desirable 
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and economical method of operation in carrying out our metering 
program. 

The work under the new ordinance has thus been under way for 
some three months with more or less unsatisfactory results. Unless 
material improvement in the carrying on of this work is shown the 
cost of metering the Chicago System will considerably exceed the 
estimates as made previous to starting the work, and, besides, will 
probably delay the work. We are in hopes that as the work pro- 
gresses a satisfactory solution of these matters will be found. 

There is, of course, a limit to the expense one is warranted in going 
to even in the case of such an exceedingly important matter. 

In figure 5 the expenditures are shown estimated for the future 
under the conditions prevailing up to the present time and also 
various assumed costs of metering. As far as Chicago is concerned, 
it can be seen that even a doubling of the cost of metering, as was 
estimated, would warrant its adoption. 

Excessive cost of metering would naturally cause one to look for 
some other possible and practicable means of gaining the object 
sought. Some years after the first earnest effort was made in 1901 
to have a universal meter ordinance passed in Chicago an appropria- 
tion was made for rather extensive pitometer surveys with house 
to house inspections and accompanying plumbing repairs. While 
some good and much needed results were obtained by this method 
of stopping leaks and waste, the advantages gained were not per- 
manent, but in two or three years the situation, as far as plumbing 
leaks were concerned, seemed to be as bad as before. At that time 
considerable street leakage was found to exist, especially in the old 
district of Chicago and in some annexed districts. These districts 
have since been generally overhauled. Much stress is laid by op- 
ponents of metering on the conditions as then obtained, and in gen- 
eral arguments are made that underground leaks in mains are the 
main cause of unsatisfactory services, and should be stopped before 
metering is resorted to, and that leak surveys, with following up 
repairs, is the proper remedy. This may be true to some extent in 
some places, but without metering the inequality in distributing 
charges for service will continue, and the location of leaks in mains 
is much facilitated where there is a metered system. 

During the past ten years the City of Chicago in all cases of pav- 
ing new and repaving old streets makes a thorough leak survey and 
repairs all leaks, wher 
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ment is laid. Of course, where leaks appear on the surface or wher- 
ever otherwise found, such are always attended to in the regular 
course of work. 

So far about 20 per cent of the entire pipe mileage in Chicago has 
been surveyed in connection with paving work. 

A map in the City Engineer’s office indicates in red lines the pipes 
which have been thus tested and attended to. This map shows a 
quite even distribution of such mains in all districts of the city. The 
average result of these surveys indicates a street leakage in the 
distribution system of not to exceed 6 per cent of the total pumpage. 
On first test 67 per cent of all mains so tested were found to be prac- 
tically tight. Tests of mains are also made in connection with the 
new meter installation program. Along with the metering opera- 
tions in Hegewisch, before referred to, a survey was made to locate 
and stop the underground leakage. There were 7.65 miles of mains, 
6, 8 and 12 inches in diameter, thus tested, and an underground 
leakage of 32,500 gallons per day was located and stopped. Based 
on the total flow into Hedgewisch, previous to metering, this under- 
ground leakage amounted to only 1.2 per cent. 

Under these circumstances, it seem that the substitution of pitom- 
eter surveys for metering on the plea of excessive underground 
leakage would not be advisable in Chicago, although an important 
advisable adjunct in connection with the meter installation work. 

Such pitometer work is ably taken care of by an experienced En- 
gineering Section of the Water Pipe Extension Division. The effi- 
cient and valuable work, besides the pitometer surveys, that is per- 
formed by this Engineering Section under Mr. J. B. Eddy, could 
be a subject for a paper that would interest any water works official. 
I hope that Mr. Eddy some aaa » will favor this Asso 
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RESPONSIBILITY OF MUNICIPALITIES, WATER COM- | 
PANIES AND INDIVIDUALS FOR WATER-BORNE 
ILLNESS! 


By Isaac D. Rawtiinas? Harry F. Fercuson® 


Although water-borne epidemics, and the cause, prevention and 
responsibility therefor, have been chronicled before this Section and 
at other meetings of waterworks associations, and have been printed 
in the Journal and other publications, it nevertheless seems worth 

_ while again to write and talk on this subject because four preventable 
water-borne epidemics occurred in IIlinois last year and the Attorney 
General has recently rendered an opinion as to the responsibilities of 
municipalities, water companies, and individuals for water-borne 
illness. When human beings are being made ill, lives are being 
sacrificed, and fairly large economic losses are occurring because of 
contaminated water, repeated reference to the cause, prevention, and 
responsibility for such illness, loss of life, and economic loss seems 
warranted until we have all learned the lesson and are guided thereby 

a our daily work. 

All four water-borne epidemics in [Illinois last year, which totaled 
several thousand cases of more or less severe illness and several 
_ deaths, would have been prevented if the warnings and recommenda- 

tions of the State Department of Public Health that had been given 

to each city or water company had been heeded and followed. There- 
fore, although the department feels that it had done everything that 
it could under existing laws to prevent these epidemics, there is little 
or no satisfaction in being able to say “I told you so,” when it is 
' realized that human beings have suffered and economic losses have 
occurred. In days gone by, the suppression of epidemics took a 
considerable part of the time, effort, and finances of health depart- 
ments, but with present knowledge of sanitary science there is no 
need of water-borne illness and epidemics if such knowledge is applied. 


7 _ 1 Presented before the Illinois Section meeting, March 24, 1926. 
2 Director, State Department of Public Health, Springfield, Ill. 
3 Chief Sanitary Engineer, State Department of Public Health, Springfield, 
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D. RAWLINGS 


One health worker has said ‘‘Cure is the voice of the past; prevention 
the work of the future.’ 

Of the four water-borne epidemics in Illinois during 1925 one was 
caused by the pollution of the water after being drawn from wells, 
another by underground pollution of water in a well, another by the 
contamination of a drinking-water supply through a cross-connection 
with a piping system carrying a polluted industrial water supply, 
and the fourth by the inadequate purification of a surface-water 
supply. 


Sewer 
Pumping Station 
Reservoir 
Suction Pipe 


Fic. 1. Prprne tn Vicinity oF GREENVILLE WATERWORKS 


a 4: The leakage of the sewer into the tile water line occurred at A +4 ie 


The water supply at Greenville is obtained from meet ne 
wells ending in sand and gravel. The water from a group of four 
wells was pumped into a receiving basin from which it flowed by 
gravity through a pipe line built of vitrified tile with cemented joints 
to a collecting and storage reservoir across a street from the field 
in which the wells were located. In that street there was a tile sewer 
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ae ae which passed about one foot below the tile water pipe. Figures 
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1 and 2 show the Greenville situation. In January 1925, there oc- 
curred an explosive epidemic of dysentery and paratyphoid fever. 
Of the entire population of 3000 very few persons escaped the illness, 
and in addition quite a number of people from the surrounding farms 
and travellers visiting or stopping at Creenville for a meal were made 
ill. Investigation showed that the sewer had become clogged and 
that sewage was flowing through the tile water line into the collecting 
and storage reservoir from which the water was pumped direct to the 
city without any treatment. No analyses were necessary to prove 


Pie, R AFTER THE Horse WAS STOLEN.”’ CHANG- 
. a THE PIPING THAT PERMITTED POLLUTION OF THE 
GREENVILLE PUBLIC WATER SUPPLY 


the pollution of the water in the collecting reservoir. The nose was 
sufficient. 

About two years before the epidemic at Greenville, the danger of 
this sewer becoming clogged and the sewage from it backing up and 
seeping into the water tile line had been pointed out verbally and by 
letter to the mayor and council of the city, together with six other 
dangerous or unsatisfactory conditions in the waterworks system. 
About two months previous to the epidemic the dangers and defects 
in the waterworks system were again pointed out verbally to the city 
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- officials when it was found that previous warnings and recommenda- 
_ tions had not been heeded and tollowed. Only after the epidemic 


Rock River 
(sewage polluted) 


Rivep Intake} 


water fountains 
on second floor 


old building 


Globe valve A 


River-water pump 
To foilefs | © boiler 
© foi 
| 
| 
- Pressure 75 # 
ie Drinking water 
all buf Check valve 
To drinking = second floor of 


Faucet "IP Pressure 30% 
when private 

supply used, 
50# when city 


supply used 


of old building 


Valve C 
Meter 


City supply Private weil supply 


_ Fic. 3. ARRANGEMENT OF WATER PIPING AT Factory at STERLING THAT 
PERMITTED CONTAMINATION OF DrINKING-WATER SuprLy 


did the city become alarmed over its water supply. Then some 
persons wanted to abandon all wells and everything and obtain an 
entirely new waterworks. The city is now making changes and 
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WATE ILLNESS 


improvements, but unfortunately is still proceeding ir ina sale hat ae 
hit-and-miss plan without experienced engineering advice and 27 
supervision. \ 


‘ 
c STERLING AND ROCK FALLS 


The water-borne typhoid fever which occurred at Sterling and Rock 
Falls (adjoining cities served by the same water supply) comprised 
12 cases and at least 2 deaths. All cases were employees of one 
factory. There was a cross-connection between the piping system 
carrying the drinking water and the piping system carrying the 
sewage-polluted Rock River water for industrial use and the control 
valve leaked as all valves may sooner or later. Figures 3 and 4 
show the layout of the piping and the cross-connection. All persons 
that were ill worked on the second floor of what was known as the 
“old building,’ whereas the same drinking-water-supply system of 
piping extended to other floors and other buildings. A study of the 
hydraulics of the piping showed that with the limited amount of 
leakage through the valve controlling the cross-connection and 
normal consumption at the different points the polluted water would 
go to the second floor of the old building where the people worked 
who were sick. 

Previous to the local realization of the cause of this typhoid fever 
there were two cross-connections at the waterworks pumping station, 
which is owned and operated by a private company. Formerly 
there had been four cross-connections or emergency suction connec- 
tions, two of which had been abandoned after repeated recommenda- 
tions from the State Department of Public Health, but the company 
seemed adverse to removing the other two. It took water-borne 
illness and deaths in their own city to make the water company 
officials realize that, if similar pollution should result in the water 
supply because of the cross-connections at their own pumping station, 
even a more disastrous epidemic through Sterling and Rock Falls 


LOCKPORT 


The typhoid epidemic at Lockport comprised fifteen cases and at 
least three deaths. There is some uncertainty as to whether this 
epidemic was caused by the public water supply or the water supply 
at a factory. The cause of the illness is now before the court so our 
opinion is not stated here. Both the ne and the factory water 
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Drinking 
Water—> 


iver 
Water 


: 
Fic, 4. These pictures show the arrangement of pipes and valves that 
— connected a polluted river-water supply with a drinking-water supply in the 
factory at Sterling. The river water entered the pipe at the top and the 
drinking water the pipe at the bottom. The two kinds of water were supposed 
to be kept separate by the check and globe valves. These valves leaked as 
all valves do or may sooner or later, thus polluting the drinking water. The 
pictures also show tests that were made to prove that leakage was taking 
_ place. In the upper left picture the globe valve was closed and a valve which 
_ is not shown on the drinking-water line was left open, the gage thus registering 

: = pressure in the drinking-water system. In the upper center picture the 
-_-river-water valves shown, and the drinking-water valve not shown were closed 
and the faucet between the two sets of valves was opened in order to drain 
that portion of the pipe. The gage registers zero. In the upper left picture 
the faucet had been closed, thus leaving all the valves closed. The pressure 
as registered by the gage increased to the pressure prevailing in the river- 
water system, thus proving that the check and globe valves controlling the 
river-water supply were leaking. The lower picture shows how the cross con- 
nection between the river-water and drinking-water supplies has been aban- 
_doned by removing a section of the pipe. 
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supplies are are obtained from wells ending in eudneil limestone and 


analyses had shown both supplies to be of questionable or dangerous te ae 
quality. The State Department of Public Health had repeatedly = 
recommended chlorination of the water because of the character of the aa 


polluted Chicago Sanitary District drainage canal. It took the 
epidemic to make the city realize that the warnings of the department _ 
were sound, because the city purchased a chlorinator during the __ 
epidemic. 


CHARLESTON 


The epidemic caused by an inadequately purified surface 
was at Charleston. The treatment plant was installed about 1912, 
but has never been so maintained and operated as to produce a con- Ls ad 
stantly clear, clean water and one that is assuredly safe. Notwith- | 
standing the fact that thousands of dollars have been invested i in . 


every month for the past few years, many of which have very prob- _ a 
ably been caused by the public water supply. Be 
In November 1925, there occurred an explosive epidemic of diar- = 
rhea. Probably at least one person in every four in that city ofa = 
population of 8000 was affected, including those attending the 
_ Eastern Illinois State Normal School. Some people thought or cS 
- endeavored to spread the idea that the epidemic was influenza of the _ 
intestinal type, but epidemiological] data assembled by the depart- _ 
| ment’s medical staff combined with the circumstantial and otherdata = 
relative to the public waterworks showed conclusively that the 
public water supply was responsible for the majority of the illness, 
although there probably were cases of colds, grippe, etc. in the cityat = 
the same time. 7 
Many visits, reports, letters, warnings, and recommendations had 
been made to the city officials of Charleston during the past several — 
years, but this city unfortunately has so mismanaged and badly 
operated its waterworks that not only the physical and sanitary 
quality of the water has been unsatisfactory and dangerous, but the 
operating efficiency has been low, the operating costs high, and the 
charge made to the consumers for water one of the highest, if not the 
highest, in the State. 
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; treatment plant the wat mains een suinciently 
turbid and dirty at times that water meters would not operate prop- 
erly. The city has had one or moze cases of typhoid fever practically 


The department's warnings and recommendations and the mene 
taught by past water-borne epidemics are heeded by some and, there- 
fore, though we do continue to have water-borne epidemics, they are 
less frequent than would be the case if we did not learn from the sad 
experience at other places. As one instance a water company may be 
mentioned which learning, through an item sent out by the depart- 
ment, of the Sterling epidemic that was caused by a cross-connection 
became immediately concerned over a cross-connection that existed 
in a railroad yard which it supplied with water. It is interesting to 
note that the cross-connection existing in that railroad yard was very 
_ similar to the cross-connection which-existed in the Chicago and Alton 
Railroad yards at Bloomington in 1919, which caused an epidemic 
of several hundred cases of diarrhea, about 200 cases of typhoid fever, 
and 15 to 20 deaths. The water company has taken action to have 
the cross-connection abandoned between its own water-supply 
system and the railroad’s private supply system which obtains water 
from a sewage-polluted ditch. 
If the advice and warnings of the department had been followed 
_ the four epidemics related above would not have occurred, and need- 
less suffering, loss of life and economic loss would have been pre- 
vented, but the department would have had nothing tangible to show 
for its efforts. If an engineer designs an attractive water-treatment 
- plant he can point to his work with pride, and the results of his work 
are visible to all. Those engaged directly in health work realize the 
value of “prevention,” but it is one of the possibly discouraging phases 
of health work that for the best work that is done there is no good 
__ way to show the results or at least to make those results known to the 
_ average person who pays taxes or in other ways contributes toward 
health departments. Dry, uninteresting, statistical figures as to 
the number of cases and deaths and the gradual decline in the pre- 
__ ventable diseases such as typhoid fever are all that can be pointed 
by the health worker. 


RESPONSIBILITY FOR WATER BORNE DISEASE 


We have stated that certain diseases are preventable. We iene 

‘stated that the above recorded four epidemics could have been pre- 
vented. Such being the case we may ask “Who is responsible for 
_ these epidemics and similar ones if they unfortunately occur in the 
future?” A little over two years ago there occurred a wreck of the 
"Twentieth — Limited, the crack New York Central train, 
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company for disease resulting from pollution of water furnished the inhabit- 


; ants of the municipality, under the conditions assumed in three questions. 


“supply? 


which gained headlines i in the press throughout the conutey, It was 


as compared to the number of people that have been killed or injured 
by water-borne illness. Investigations were made to determine the 
cause and place the responsibility for the wreck. If afew people in an 
automobile are killed, the community in which such happens is 
aroused and nearly everyone reads the details in the papers with 
great interest. The coroner makes an investigation and places the 
blame. If a person, mentally unbalanced, killsor maims a person with 
a bullet or other weapon, the community in which such occurred 
would be very much aroused. And yet, in similar communities 
deaths have occurred and still do occur by the furnishing of drinking 
water that is not safe. 

Why should a person or persons who are responsible for furnishing 
safe drinking water permit, by neglect, carelessness or deliberate 
indifference, polluted water to go through piping systems which they _ 
know human beings are to use for drinking water? An epidemic of 
disease is not quite as spectacular as a train wreck or a murder by 
bullets, but they cause greater suffering, greater loss, and are the least 
excusable because they can be prevented. 

Some of you have perhaps read in the pages in the Manual of Water 
Works Practice published by the American Water Works Association, 
the quotations from court decisions dealing with damage suits and 


responsibility for water-borne epidemics. No court decisions have 


been rendered in Illinois, but the Attorney General of Illinois in a 
recent opinion to the State Department of Public Health points out 
that the law on the basis of court decisions in other States recognizes 
the responsibilities of cities, water companies, and individuals furnish- 
ing water for general use. Believing that the Attorney General’s 
opinion would or should be of interest to waterworks officials in 
Illinois it is quoted below in full as follows: 


You have requested my opinion on the liability of a municipality or water 


The first of said questions is as follows: 

“1, Ifa public water supply should unquestionably cause typhoid fever or 
other water-borne illness and assuming that the supply was considered safe 
by the general consuming public and no advice or warning had been given by 


_ the proper officials would 


a. A city or its officials be liable in case the city owned the supply? 
b. A water oon be liable in case a water company owned the public 


a disaster, but only a comparatively few people were killed or injured “fae 
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c. The city be liable if a public supply was owned by a private company 
and the city had not advised or warned the company of the dangerous condi- 
tions?”’ 
Where a municipality acts in the dual capacity of furnishing water, gas 
or other commodity both for public and private use, under authority of law, 
it stands upon the same footing as would a private corporation or individual 
and is alike liable for its negligence or wrongful acts. 
_ Village of Palestine Vv. Siler, 225 Ill. 630 2 
City of Chicago v. Selz, Schwab & Co., 202 IIl. 550 ey 
Wagner v. City of Rock Island, 146 Ill. 154 
The liability of a water company or individual supplying water for gen- 
eral use to the inhabitants of a municipality for injuries to health result- 
ing from contamination of its water has not been declared by the courts of 
this State. Neither have our courts stated such liability of a municipality 
except in the general rule of the cases above cited and decisions of this ques- 
tion in other states are few. 
In Jones v. Mount Holly Water Company, 87 N.J.L. 106, it was held that 
one who undertakes to trade in water and supply customers therewith is 
bound to use reasonable care that the water so supplied shall be ordinarily 
and reasonably pure and wholesome. Actual notice or knowledge of the 
unwholesomeness of the water of such company is not an essential element 
to be proven in order to establish defendant’s liability; it is sufficient if there 
is testimony tending to show that the defendant in the exercise of reasonable 
care might have discovered the unwholesomeness and dangerous condition 
of the water. 
In Hayes v. Torrington, 88 Conn. 609, it was said: 
“The duty which a water company owes to the public and to its customers 
is that of exercising reasonable care and diligence in providing an adequate 
supply of wholesome water at all times. Dillon on Municipal Corp. (5th 
Ed.) Sec. 1316; Green v. Ashland Water Co., 101 Wisc. 258; Danaher v. Brook- 
lyn, 119 N. Y. 241; New Haven Water Co. v. Russell, 86 Conn. 361. Such 
a corporation is not a guarantor of the purity of its water or of its free- 
dom from infection, but is bound to use reasonable care in ascertaining 
_ whether there is a reasonable probability that its water supply may be in- 
fected with a communicable disease from causes which are known to exist, 
or which could have been known or foreseen by the exercise of reasonable 
care; and if the exercise of such care would have disclosed a reasonable proba- 
bility of such infection, then it becomes the duty of the water company to 
_ adopt whatever approved precautionary measures are, under the circum- 
stances of the case, reasonable proper and necessary to protect the community 
which it serves from the risk of infection.”’ 
In Green v. Ashland Water Co., 101 Wisc. 258, it was held that a distributor 
of water under a public franchise is not a guarantor or insurer of the whole- 
; someness of his water. But such distributor will be held liable for injury to 
consumers, without fault on their part from using the water furnished where 
such distributor knows, or from the situation ought to know, that the water 
_ it is distributing is dangerous for domestic use from some cause not discovera- 
ble aemnateed ™ the use of reasonable care, and failed to disclose such danger 
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to Ye consumers. But it was also held that where the contaminated and 
dangerous condition of the water is a matter of common knowledge in the 
community, the presumption is that a member of the community of ordinary 
intelligence has notice of that condition of the water, and, in the absence of 
evidence to the contrary, that presumption will preclude a recovery by a 
person injured from using such water. If a person drinks water furnished 
by such company with knowledge, or reasonable means of knowledge, that it 
is dangerously polluted with sewage, he assumes the risk and can not recover 
on the ground of deceit or negligence. 

In Keever v. Mankato, 113 Minn. 55, it was held that where a city owns and 
controls its water work system from which it furnishes water for the general 
use of its inhabitants, the city will be liable for negligence in permitting its 
water supply to become so contaminated that it causes typhoid fever. 

Applying the rules of liability above declared to subdivision (a) of your 
first question, I think it clear that the city would be liable if its officials in 
charge of the water supply actually knew the dangerous condition assumed by 
your question, or by the exercise of reasonable care should have known it, 
and failed to give public warning thereof. 

Answering subdivision (b) of your question, the water company would be — 
liable if it knew, or by the exercise of reasonable care should have known, that 
the water supply was contaminated as aforesaid and did not warn its con- 
sumers of such condition. 

Subdivision (c) of your question is whether the city would be liable if the 
public supply was owned by a private company and the city had not warned 
the company of the dangerous condition assumed by your question. To hold 
that the city is liable because it fails to notify the water company of that 
which such company already knows, or in the exercise of reasonable care 
should know, would be in effect to make the city liable for the negligence of 
the water company. I have found no case or text writer which goes to that 
extent. The efficacy of such warning given by the city to the water company 
to prevent illness as a result of using contaminated water furnished by the 
company would seem too uncertain to render the city liable for failure to give 
such warning, even where the company does not know the dangerous condition 
of the water. I am not aware of any statute or decision upon which the liabil- 
ity of the city under such conditions may be reasonably predicated. 

Your second question is as follows: 

“2. Would the responsibility and your opinions be changed if the State De- 
partment of Public Health had given due warning in writing to a city in case 
the city owned the supply, and to the water company and city in case the 
water company owned the supply, that the supply was subject to possible 
contamination and thereupon the city or water company or either or both 
did not act to remove such possible contamination or did not advise or warn 
the consuming public of the dangerous conditions while the dangers were 
being removed?” 

Such warning would not be conclusive of the liability of either the city 
owning the water supply or of the water company owning it; but would be a 
fact strongly tending to show that the city or company knew or should have 
known the conditions of which it was warned, by putting it on notice thereof, 
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and to establish negligence of the city or company in feiling to me the 
possibility of contamination or to warn the public of the dangerous conditions 
set forth in such warning by the health department. 
Your third question is as follows: 
“3, Would a verbal statement by a representative of the State Department 
of Public Health, while carrying out his regular duties, that the public water 
supply is subject to contamination constitute a sufficient warning to city 
officials or a water company so that such city or water company would be 
liable in case dangerous contamination of the water supply did occur and 
water-borne illness resulted?’’ 
In the absence of a statute requiring written notice of a state of facts as- 
_ sumed by your question, I think a verbal statement would be as efficient as 
a written statement where the proof that such verbal statement was made and 
the contents thereof‘ to the proper representative of the city or water com- 
_ pany is clear and satisfactory. 


Summarizing the Attorney General’s opinion we conclude that 
cities, water companies, and individuals supplying water for general 
use are liable for injuries to health resulting from contamination of 
such waters if the owners or operators of such water supplies have not 
~ exercised reasonable care in discovering and preventing possible con- 
- tamination of the supplies or have not given due warning to the con- 
sumers that the supplies are subject to dangerous contamination. 
Further that a warning by the State Department of Public Health 
_ toa city, water company, or individual distributing a water supply, 
_ which supply causes injuries to health, would not be conclusive of 
the liability of such city, company or individual, but it would be a 
fact strongly tending to show that the owner of the supply knew of 
_ the dangerous conditions and would, therefore, practically establish 
_ the negligence of the city, company, or individual in failing to remove 
or prevent the contamination of the supply or to warn the public of 

_ the dangerous condition. 
__ [IIness that is water-borne in Illinois can be prevented, but only 
will be prevented when all of us realize our responsibilities and when 
those owning and operating waterworks systems exercise reasonable 
care and diligence. On the basis of the Attorney General’s decision 
the next water-borne epidemic in Illinois, if another unfortunately 
_ does occur, may prove quite costly to the owners of the waterworks 
system. 
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EXPERIENCE WITH CEMENT-LINED CAST IRON re 


PIPE’ 


Cement has been used for lining thin shelled wrought iron or steel 
pipe a long time. As early as 1865, and probably earlier, this kind 
of pipe was made under United States patent by Finius Ball, George 
H. Norman, and others, and this pipe is still being used by a number 
of water works plants in New England. The Philadelphia Subur- 
ban Water Company has over five hundred miles of this type of 
pipe manufactured under patents granted Dr. D. Goffe Phipps, 


Hydraulic Engineer of Bridgeport, Conn. A most excellent paper. — 


on this subject by Leonard Metcalf appears in the New England 
Water Works Association Proceedings of March, 1909. 

Cement-lined cast iron bell and spigot pipe was, I think, first used 
in Charleston by the writer in 1922, although at about the same time 
this same kind of pipe was being made in England. Since that 
date considerable of this pipe has been laid. In Charleston, we 
have laid upwards of twenty-five miles, and there are a number of 
other plants, throughout sections of the United States, where filtered 
water of aggressive or active type is prevalent, using cement-lined 
pipe. 

At first the process of lining was the same as that used for lining 
the thin shelled wrought iron pipe first referred to; namely, by the 
up-ending of the pipe and the placing of a projectile shaped bullet 
or trowel in the bottom, placing the necessary amount of natural 
cement mortar into the pipe and on top of the projectile, and then 
drawing the projectile rapidly through the pipe, the cone or pro- 
jectile shaped end acting as a trowel to force the cement mortar out 
against the walls of the pipe. Great care had to be exercised to 
see that the mortar was properly mixed, had the requisite amount 
of water, and proper setting qualities so that the lining would not 
bag or run after the bullet had been pulled through. 


1 Presented before the Joint Meetings of the Plant Management and Opera- 


tion and Fire Protection Divisions, Buffalo Convention, June 11, 1926. ae ; 


2 — Department, Charleston, 8. Cc. 
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The thickness of the lining by this process was about ;*,; inch for 
the 4 to 10 inch pipe, and } inch for 12 inch and above. 

This process of lining was in use only a short while when it was 
supplanted by the centrifugal method, and Portland cement with 
a small percentage of sand was substituted for the natural or Rosen- 
dale cement. The process of lining centrifugally consists of placing 
the pipe on a pair of trunnions and revolving it at the rate of about 
300 revolutions per minute. The mortar consists of any good grade 
of American Portland cement with 20 to 30 per cent of clean, sharp 
sand passing a No. 20 mesh screen, mixed preferably in a mechanical 
mixer, and then introduced into the pipe. The mortar is introduced 
into the pipe whith is to be lined by the use of a gauge formed by 
splitting a 2 inch pipe about along its longitudinal center line, the 
requisite quantity of cement having been previously measured out 
and placed in the 2 inch split pipe for its entire length. As soon as 
the pipe has reached the proper speed, the mortar is emptied from 
the container or trowel pipe by turning it over and then distributed 
over the inner surface of the pipe by using the gauge pipe as a trowel. 
The size of the trowel pipe is determined by the quantity of mortar 
required for the desired thickness of lining and the size of the pipe 
which is to be lined. Care must be used to distribute the mortar 
equally over the surface of the pipe and to cover entirely the surface 
of the pipe. As soon as the mortar is equally distributed, the gauge 
pipe is removed, and the speed of the pipe is increased, and its re- 
volution on the trunnion, due to the roughness of the outside, gives 
a tamping effect, which effectively brings the water to the inner 
surface of the mortar and drives out any entrained air, giving an 
intimate contact between the mortar and the walls of the pipe. The 
_ work, if properly done, gives a very smooth, semi-porcelain like lin- 
ing which sets up very rapidly, permitting the pipe to be removed 
within a few minutes from the lining machine to the storage yards. 
Portland cement being superior to the natural or Rosendale ce- 

ment, it was believed that the thickness of the lining could be 
_ materially reduced, and this was done. The lining was tentatively 
adopted as ;’5 inch for all pipe from 3 to 24 inches diameter, with 
a tolerance of #3; inch. It was found, however, that this ,was too 
thin (of which notice will be taken later), and recently we have 
_ changed our specifications to require } inch for pipe from 3 to 16 
inches in diameter and } inch for pipe above 16 inch in diameter, 
a tolerance of inch. 
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In the old process, where the projectile bullet type of lining was ; : 
used, it was found that the eccentricity of the pipe or deflection in 
its length did not materially affect the thickness of the lining, as 


the bullet was on a flexible rope and the mortar tended to hold it in 
the center of the pipe without regard to whether the pipe was straight — 


or not; but with the centrifugal method of lining, it isfound that if 
the pipe is out of round or not straight, the lining tends to take the 


centrifugal center so that the lining is at times eccentric; that is, 


much thinner on one side than on the opposite side. This is over- 
come where the lining is placed in a centrifugal type casting such 


as the deLavaud, Mono-cast, and sand spun cast pipes. 

It is naturally our desire to leave a favorable feeling toward ce- 
ment-lined pipe, but we would be failing in our duty to the users — 
if we did not call to their attention some of the difficulties experi- 
enced with linings that were too thin. 

Naturally, in making any form of castings, it is impossible to 
obtain a perfectly smooth finish; in fact, we feel that too smooth a 
surface is far from being desirable when it is intended to cement- — 
line the castings. If the interior surface of a cast iron pipe before © 


lined or coated were inspected by means of a microscope, it would 


probably resemble very much the “bad-lands of the Dakotas” as 


to roughness. This offers an admirable condition for the adhesion —_- 


of the cement mortar to the surface of the pipe, but unfortunately, | 
some of these pimples extend further from the surface than others, 


and when we attempted to make a thin lining—j; inch with a 
tolerance of 3; inch—it was found that a lot of these pinnacles pro- _ 


truded through the lining and immediately began to form tubercles. 
Again, in some cases referred to, the lining became eccentric, and 
instead of having an average of ;5 inch thickness throughout, it 
was reduced almost to the thickness of paper on one side of the 


pipe, abnormally thick on the opposite side, with the result that more — ry 


pinnacles projected through on the thin side than on the other. 
As a rule, however, the rusting took place on top of the pinnacles, 
forming a mushroom over the lining, and did not force the lining 


off; so notwithstanding the fact that perfect protection was not pa 
obtained, we feel that it was much better than that afforded by the 


old tar coating as we know it. Where all the pinnacles were pro- 
tected with a lining of cement, however thin, tuberculation or rust- 
ing did not occur so far as we have been able to observe. 

By increasing the thickness of lining to } inch with a tolerance of _ 
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#y inch, which would give ordinarily a minimum thickness of 3%, inch, 
we are confident that no pinnacles will protrude, and that the carry- 
ing capacity of the pipe will be maintained indefinitely. 

The first cement-lined pipe laid by the Charleston Water Depart- 
ment was in the fall of 1922, and tests made of some 6 and 16 inch 
pipe, lined by the method first employed using natural cement, 
gave values of “C” in Hazen’s and Williams’ formula varying from 
128 to 141 in the case of the 6 inch pipe, and tests made of the 16 
inch pipe a year later gave a value varying from 127 to 133. In 
the test on the 6 inch pipe, the quantity of water flowing was meas- 
ured by means of a standard Crest type meter, and in the case of 
the 16 inch test, by pitometer. The friction losses were measured 
by means of U tubes, using carbon tetrachloride for the lower loss 
of heads and mercury for the higher. Piezometric pipes were run 
between points of measurement so that all instruments were located 
at one point in order that errors would be reduced to the minimum. 
All results are based upon 32 observations (the number of observa- 
tions at each test) and average taken of all. 

In 1924, we laid some 6 inch pipe lined with Portland cement by 
the centrifugal process. Tests made immediately after laying this 
pipe gave values for ‘““C” in Hazen’s and Williams’ formula of 125 
to 146, with velocities from 1.25 to 5.5 feet per second. In this 
last series of tests, the first two tests were made using carbon tetra- 
chloride at 14 specific gravity, and considerable trouble was had 
with fluctuations in the manometer tube. You all appreciate how 
hard it is to get readings of a manometer when the liquid in the two 
legs is fluctuating violently. The average of all readings gave a 
value of 137 and omitting the first two readings, the average value 
was 144. Tests made this past May (practically two years later) 
on this same pipe covering a range of velocity from 0.9 to 4.8 feet 
per second, gave an average value of ‘“‘C” in Hazen’s and Williams’ 
formula of 139 with a minimum of 134 and a maximum of 145. 
This shows the minimum to have been 96 per cent of the average 
and the maximum 104 per cent of the average, and the results as 
compared with the former test, including the two first tests, were 
96.5 per cent and excluding the first two tests, 102 percent. Sample 
of this pipe which has now been in use for two years is here on exhibit 
for the members to see. This pipe was broken out the line to in- 
sert a Tee and special to connect up meters for measuring the quan- 
tity of water discharged. 
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Our conclusion in the matter is that for a filtered water supply ar 
of a peaty or aggressive nature, cement-lining offers a wonderful 
improvement over ordinary tar-coated pipe in that it will maintain 
its carrying capacity indefinitely. While tests covering pipe only 
a few years old, such as the above, are not conclusive in themselves, a 
inspection and tests made on the old wrought iron shell cement- 
lined pipe first referred to in this paper, which has been in the ground 
from twenty-five to fifty years under similar waters, shows no in- 
crustation. Since cast iron pipe under the same circumstances 
shows a loss in capacity of anywhere from 20 to 80 per cent, it is 
indicative that similar conditions will be maintained in the cast 
iron cement-lined pipe. 

Needless to say, where it is intended to line cast iron pipe, it 
should not be tar-coated. Some engineers in specifying a cement- 
lined pipe have insisted upon its being tar-coated on the outside, 
which adds to the expense. Upon investigation, I have reached. 
the conclusion that the coating on the outside of the pipe is really 
an incidental matter, as Dr. Angus Smith, the original inventor of 
the tar coating, was attempting to protect the interior of the pipe 
from tuberculation and incrustation. It was found that to dip the 
entire pipe was a cheaper process than to apply the coating in any 
other way, and of course, this process coated the outside as well 
as the inside. Further, none of the gas companies so far as we can 
learn ever attempt to coat their cast iron mains on the outside and 
depend upon the natural protection of the gas with the entrained 
oils and tar for the protection inside. The life of their pipe seemed 
to be as great as that of the water pipe, so we reached the conelu- 
sion that it was not necessary to go to the expense of attempting to 
tar-coat the outside of our water pipe and have not in the past four 
years laid any cement-lined pipe with outside protective coating. 

Malcolm Pirnie, consulting engineer for the West Palm Beach 
Water Company, has laid considerable cement-lined pipe in recent 
years and has had some trouble due to the lining being too thin and 
the pinnacles of iron protruding through the lining, which condition 
I have already referred to. While we have experienced no com- 
plaint ourselves, it has come to our notice that somewhere in New 
England they had complaint of discoloration of alumium vessels 
from water that was drawn from cement-lined pipe. 

In closing I would refer you to the paper by Leonard Metcalf in 
the Journal of the-New England Water Works Association of Mares, 
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1909 ; paper Charles W. Sherman on ( Lined Cast Iron 
Pipe in the Journal of the New England Water Works Association 

on March, 1926; the annual reports of the Commissioners of Public 
Works, Water Department, Charleston, 8. C., for the years 1923 
and 1924; and a paper by me in Engineering News-Record of Sep- 
tember, 7, 1922, Volume 89, No. 10. 


Fic. 1. Lintnc By or “BuLLet’ Mernop, Usina “Natrurav” 
CEMENT 


This lining varied in thickness from 3’, to ,°; inch. (Magnification by ten 


DISCUSSION. 


H. Y. Carson:’ Mr. Gibson’s able presentation is a good résumé 
of the experience with cement lined cast iron pipe since he started 
its use in Charleston, South Carolina, in 1922. 

This development or improvement is, of course, one in which the 

_makers of cast iron pipe are very greatly interested, because it has 


Engineer, Cast Iron Co., Birmingham, Ala. 
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yielded an acceptable solution of an old water works problem, in- 
creasing the durability and service value of cast iron pipe, and above 

all, preventing a loss of capacity through jtuberculation. The 
greater assurance of maintaining a high flow that will not decrease 
over a period of many years is extremely important. 


Fig. 2. SPECIMEN OF SAME Type OF CEMENT LINING UseED IN Pipe at Dan- 
VERS, MASSACHUSETTS, FOR THIRTY-NINE YEARS, THREE MONTHS 
This lining was exceedingly smooth when first removed but upon drying in 
air shows a porous outer shell ,'; inch thick (the dark portion) which was 
easily crumbled and detached from underlying structure. (Magnification by 
ten diameters. ) 


It is the speaker’s opinion that the newly organized Committee 
of this Association whose duty it is to report on Cement-Lined Cast 
Iron Pipe will be of real service by recommending a standardized 
practice based upon the available information. Tentative specifi- 

‘vations have already been prepared, and much has been done, but 
further exact knowledge will be needed in order to gainimprovement. 

Theoretical considerations indicate that only a very thin lining 
of cement is needéd 0 on the inside walls of cast iron pipe effectively 
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to or prove nt tuberculation. Practical considerations, 
however, dictate that an average thickness of 34; inch is necessary, 
because a tolerance or variation in thickness of 345 must be allowed 
for the eccentricity or other irregularities that normally occur in 
all pipe which are to be lined with cement. Perhaps other con- 


3. CeMENT LINING MapeE or ‘‘NaTuRAL’’ ROSENDALE CEMENT 
+ INcH THICK, USED IN WATER LINES OF TALLAHASSEE, FLORIDA, FOR 
TWENTY YEARS 


Fia. 


Note that outer surface is somewhat leached out the same as old lining from 
Danvers, Massachusetts. ‘Magnification by ten diameters.) 


P siderations are essential, such, for example as the ability of the water 

to dissolve away the cement over a long period of years. 

-—-«s Tt was with this last named thought in mind that the speaker 
] made a careful study of linings under the microscope, and as some 

of the things found may be of interest they are here given. 

The specimen, figure 1, shows a surface of a small section taken 

from a cement lined pipe made by using Rosendale (natural) cement 

which was — by pulling a special trowelling device or — 
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through the bore of the pipe and thereby placing a lining of neat — 
cement varying in thickness at different points in the periphery of 
the pipe from 3 to 7g inch. 

Some of this same type cement lined pipe had been used at Dan- 
vers, Mass., for thirty-nir irs and thre mths, and when fi 


Fic. 4. Cement Linina sy { Tuick AppLiep To 20 INcH Cast Iron 
PIPE STRUCTURE 

Of this lining 75 per cent is Atlas Portland Cement plus 25 per cent clean, 

sharp sand, made as per specification of West Palm Beach Water Company. 

Surface about the smoothness of porcelain. This lining was cured by 

covering ends of pipe with canvas and preventing loss of moisture during — 

period of 24 hours. (Magnification by ten diameters.) 


observed after removing from service the lining appeared to be — 
smoother with old age. A chemical determination of various por- — 
tions scraped from the lining showed it to have a slight increase in 
CO; content as compared to new linings, and moreover, the CO; 
content increased in the lining section as the wetted side of the 
cement was approached. ‘The cement next to the metal of the pipe 
walls had apparently recanined unchanged by time. 
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After this lining had become thoroughly dry in air, the outer 
- shell about ¢; inch thick (see figure 2) had the appearance of shrink- 
ing or shriveling and even of detaching itself from the underlying 
cement structure. This underlying structure, although it had been 
in use for more than thirty-nine years, was apparently unaffected. 


Fra. 5. Cement Linina py [ncn Turck, as Appiiep To 4 Cast [Ron 
PIPE 


_ Structure of this lining is 75 per cent Atlas Portland Cement plus 25 per cent 
clean, sharp sand. This surface has a rougher feel to the hand than that shown 
in figure 4. Under the microscope we find small cavities which do not appear 
ss to the naked eye. These cavities probably caused by deficiency of water in 
*< — cement at period of first hour after beginning to set. (Magnification by ten 
diameters. ) 


The outer gy inch shell is the part of the lining referred to above 


which showed by chemical analysis to have picked up CO; from 
_ the water and at the same time had given to the flowing water some 
which no doubt the water had dissolved. Possibly the soluble 
calcium hydroxide had been given up to the flowing water by the 


- q 
| 
y = ty 
: 
* 
- 
= 


‘ 


3 a sample of 4 inch cement pipe is shown which is in 
use at Tallahassee, Florida, for twenty years. This pipe was made 
and installed by the American Pipe and Construction Co. of Phila- 
delphia, and the lining shown is 4 inch made of neat Rosendale 
(natural) Cement. Like the specimen shown in figure 1 used at 
Danvers, Mass., it had been affected by the flowing water to a depth 
of about ,/, inch. It may be observed from the photograph that 
the Florida water did not discolor the outer surface of the cement as 
had the water in New England. Perhaps this can be explained by 
the difference in color between the two waters—that in New England 
being somewhat like tea. 

Cement linings made centrifugally have not always been equally 
smooth in the outer texture of the surface as can be seen by examin- 
ing figures 4 and 5. That shown in figure 4 is of about the same — 
degree of smoothness as ordinary porcelain, and is at present typical 
of the lining described by Mr. Gibson as being used at Charleston, 
South Carolina, and by Mr. Pirnie as being used at West Palm | 
Beach, Fla. 

In conclusion, the speaker repeatedly finds that in the unfiltered 
municipal water supplies the acid, or other dissolving properties of 
the water, has not damaged the cement linings to any marked ex- 
tent. We do not know, of course, what new conditions may be 
imposed by pumping filtered and chlorinated water into the cement 
lined distributing mains, but to be on the side of reasonable safety 
it would seem wise (at least until proved otherwise) to use cement 
linings which have a minimum thickness of 3 inch. This means 
that the specified average thickness must be } inch as brought out 
in Mr. Gibson’s paper. 
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and every new job. 
vial, of its probable life, of its surroundings, and of its effects upon 
a us. We must take past performance into consideration and we 


A COMPARISON OF SERVICE PIPE MATE RIAL! 


One of the basic reasons for all great strides in modern science. 
invention and commerce is the gaining of more knowledge about the 
materials we use., And only second to the value of invention and 
discovery of new materials, is the knowledge gained relative to the 
proper selection of material for a certain job. 

That this is a great economic factor will be recognized at once. 
It is hardly probable that you would specify lead for your automobile 
piston, platinum for a log-chain, or mercury for a tea spoon. These 
would be glaring errors; yet, every day we see possibilities for im- 
provement in every thing we use. The most easily obtainable 
material is not always the most economical to use, and if sufficient 
thought is not expended, it is easily possible, in the light of modern 
knowledge, to commit as serious an error as any of these mentioned. 

Waste and inefficiency have been cartooned as demons scourging 
the sides of economy, and it is up to each one of us personally to con- 
stantly improve our products, methods and materials in the fight 
against such evils. 

We must analyze in detail the problems confronting us with each 
We must think of first costs of a given mate- 


must visualize the future. And after weighing its possibilities in 
the balance of good judgment, we must use it to prove it. 

In the field of water piping, there have been vast improvements in 
the past few years. We know that a water carrier should be tight; 


it should be combative to corrosion; it should be of sufficient strength 
to withstand all imposed strains; naturally it should not affect the 


water it carries so as to render it unhealthful, and last, but not least 
its cost must not be prohibitive. 


1 Presented before the Joint Meeting of Plant Management and Operation 
and Fire Protection Divisions, Buffalo Convention, June 9, 1926. 
2 President, Mueller Brass Company, Port Huron, Mich. 
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COMPARISON OF SERVICE PIPE MATERIAL o 439 
Costs of course are the essei of sy economic program, and as 
these various other factors have: chi. tecided bearing on total costs, 
they are of great significance and receive first consideration from 
every water works official. 
The various condition which most affect the life of a service pipe 


Corrosion 


athe: Earth slips 
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Now the most widely used service is the galvanized iron pipe with 
a lead gooseneck. Probably next is the complete lead service, then 
there is lead lined iron pipe, cement lined iron, tin lined iron, wrought 
iron, yellow brass, Admiralty mixture, iron pipe size copper pipe, and 
the latest addition,—service pipe made from almost pure copper and 
with thinner gage walls than regular iron pipe size. 

Each of these latter has been developed to meet the requirements 
imposed by some unusual condition which renders ordinary galvan- 
ized pipe short lived. All are successful in certain fields, but no one 
is successful in all fields. All are more expensive initially than gal- 
vanized iron pipe with a lead gooseneck, except the copper service 
pipe, with which it is about on a par for an average complete service 
of 30 feet. 

Naturally, the first reason a water company replaces galvanized 
iron pipe with lead is on account of rust, and in some districts lead 
pipe is successful. On the other hand where lead must stand exces- 
sive pressure, water hammer, earth slips and vibrations, it must be 
made extra or double extra strong and this means that the invested 
capital of the city or water company is just that much greater. 

Iron pipe size brass pipe (Muntz metal, 60 copper—40 zinc) has 
been used quite successfully, but where sea water or unusual soil 
conditions were present it became apparent that plain yellow brass 
was more or less of a failure. Admiralty pipe (70 copper—30 zinc) 
was then considered, and is now being extensively used in some 
localities. This in turn led to a red pipe (85 copper—15 zinc) which 
has rather recently been introduced as a commercial product, and 
for which it is claimed, that, because of the mixture proportions and 
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the arrangement or structure of its fibers, that it is more highly 
resistant to corrosion than are many other materials used. 

Be that as it may, either Admiralty or the red pipe is very ex- 
pensive on account of the difficulties attending their respective 
manufacture. And anyone of these three brass mixtures is liable to 
that bane of the brass manufacturers called “Season Cracking.”’ 

Because of the foregoing difficulties others branched off from brass 
pipe in another direction, that is, towards nearly pure copper. 
Copper has been the metal of the ages, and fabricated pieces have 
come down through centuries practically unimpaired. And so iron 
pipe size copper. was tried in at least one community which installed 
thousands of feet of this material. Where corrosion was concerned 
it was the equal of, or better than, any of the service materials 
mentioned above and under practically all conditions; not because 
of its structure or any particular metallic combination, but because 
it was copper. To be sure, the iron pipe size cost more, but it would 
not rust in water, and it would withstand high pressures better than 
lead. 

Now you will note that in these various developments, engineers 
were quick to see the possibilities of an alloy of copper, and as shown 
above, the trend of practice was towards pure copper, as represented 
by the changes from 60-40 mixture to 70-30 mixture to 85-15 mix- 
ture and then to iron pipe size copper. All of these however, are 
rigid pipes, thus necessitating the use of a gooseneck; and all require 
threaded joints. In turn threaded joints require a heavy wall pipe 
in order to get a reasonable amount of strength under the threads, 
which naturally is the weakest part of the pipe. Then in the particu- 
lar case of copper pipe the threading is difficult on account of the 
softness and stringiness of the material, and there is that danger of 
the threads pulling out. 

It was our idea then, to produce a non-threaded coupling whose 
metal mixture would be as near as possible to copper (but of sufficient 
strength to stand the imposed strains), and which would make an 
absolutely perfect joint. Such a coupling in combination with a 
relatively thin wall pipe made from 99.96 per cent copper (and such 
other ingredients as would give the greatest strength and ductility), 
would solve at once the several problems of threading, material costs, 
flexibility and ductility, and would still stand a pressure many times 
greater than would be required. 

Therefore, the elimination of the gooseneck and th 


e reducing of the 
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weight of the pipe by the use of the proper fitting solved the problem, 


and millions of feet of this material have been installed during the 
past two years all over the United States and Canada. It has been 
received with enthusiasm wherever it has been seen. It has all the — 
good qualities of iron pipe size copper pipe, with the added advantage © 
that a gooseneck is not required, and that it isin the same price class _ 
with galvanized iron pipe service. 

We have avoided the scientific side of the discussion concerning 
corrosion, and we shall continue to do so. The multitude of theories 
extant, some of which are contradictory to others, is rather baffling. 
However we are not concerned particularly with what corrosion is 
or what causes it, but we are concerned with those materials which _ 
will resist it. And, again, we all look upon copper as the “metal for _ ea 
the ages” and in detail, as the most generally successful service pipe 
material. 

Consistent tests, the results of which are in our records, show that 
copper will last longer in potable but slightly acidulous water than 
other materials. We believe that the passage of years will show the 
same to be true of soil which is similarly acidulous or alkaline. We 
are having the Bureau of Standards in connection with their country 
wide tests of material run such tests over a period of six years cover- 
ing quite a variety of materials. 

A most severe test given copper pipe for corrosion was the installa- 
tion in an eastern city of several materials under a cinder ballasted 
track through which water was constantly trickling. Naturally no arte 
metal except the rare ones can exist under this treatment. Butthe 
copper service pipe was there when the rest were gone. i" Th 

It might not come amiss, however, to quote an explanation of 
corrosion which is incorporated in Appendix B of the “Recommended © 
Minimum Requirements for Plumbing in Dwellings and Similar mS 
Buildings” (July 3, 1923), Bureau of Standards. Page 213 contains a “i i 
table entitled the ‘Potential Series of ae, which is partially as ne ae 
follows: 


1 

2 

3 

6 

7 
8 


. Copper 
. Mercury 
Silver 


a 
i 
& a 
Sq 
j 
< 
7 
| 
| 
) 
> 
} 


and to ents the report—‘“‘the higher the meneenileh: ” (meaning the 
higher the position in the scale), ‘‘the higher the solution pressure of 
the metal, and in general, the greater the chemical activity.’ Please 
note that zinc is at the head of the list, while copper is near the end. 

Regarding the metals in nature we are struck with how nearly they 
adhere to this ‘‘potential series’ in the various natural reactions. 
The precious metals, gold, silver, etc., and the semi-precious copper 
are frequently found in their pure state, the baser metals practically 
always found as a salt or an oxide, they lack stability. 

Generally speaking, galvanic or battery action makes itself felt 
when two associated but dissimilar metals are in the presence of an 
electrolyte. In detail we are apt to find that a brass pipe with a 
lead gooseneck in a slightly acidulous soil is peculiarly susceptible to 
galvanic action. Also we find that in Muntz metal (60 copper—40 
zinc) the same condition exists, as is proven in condenser tubes where 
the zinc becomes dissolved, leaving a porous mass of copper. 

The practise of inserting a bronze corporation stop in a cast iron 
main, and attaching thereto a lead gooseneck to which is connected 
a galvanized iron pipe and in turn a bronze curb stop has interesting 
possibilities under certain soil conditions. The use of copper service 
pipe with fittings of high copper content approaches the goal of 
perfection generally where corrosion is troublesome. 

Naturally this holds true for electrolytic action. We learn that 
this comes from stray or ground currents, from power lines, power 
house, and even from telephone circuits. The current seems to run 
along a service pipe until it comes to a “‘hopping off’’ place, and, if 
soil conditions are just right and the current pressure and density 
are just right, it carries off some of the service pipe material with 
it, for it is a true electroplating (off) action. 

Although it is poSsible to take some acidulous earth for an elec- 


A trolyte, a piece of pipe for a cathode, and another piece of p'pe for an 


anode, and plate from the one to the other by impressing a small 


— current of electricity, it is not always possible to predict the effects of 


certain combinations of stray ground currents with certain soils, 


_ adjacent water carriers, and ore or rock bodies. 


The safe thing to do is to use a material from the curb to the main, 


_ which will have sufficient carrying capacity so that for most cases at 


least, the current will not be induced to jump off. Copper service 
pipe seems to fit this requirement. For there is enough cross sectional 


area so that, when the _ electrical conductivity is taken into 
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consideration, it will afford the path of least resistance to the ground 
at the water main. hd 

The instance has been known where various service materials were — 
replaced once a year due to electrolytic action from single trolley 
street railway stray currents. Copper might not absolutely cure = 
particular case, but it will most certainly help it toa greatextent. 

Getting away from the realm of chemistry let us check up the _ e 
various materials for frost action. Iron pipe of various types is 
easily disposed of. It will not do. It opens up in the weld. 

Lead pipe undergoes a physical change with characteristic lossof _ 
strength due to being stressed so far beyond its elastic limit. It 
sometimes opens along the side, particularly on the second or third 
freeze. We have taken various materials and subjected them to 
from three to twelve hour freeze test in a cold room, a constant 
temperature of ten degrees below zero being maintained, our method 
being to plug one end of a sample and put a pet cock in the plug in the ~ Bie 
other end, so that we could be sure there was no air present toactas = 
a cushion. 

Iron pipe is never good for even one complete freeze under these y 
conditions. Lead pipe for as high as three, if it is double extra strong. _ 
Brass pipe is satisfactory except that in some cases it has a tendency _ 
to burst fittings, strip threads, etc. Copper service pipe seems to be yO 
in a peculiar balance. The freezing overcomes its elasticity, but _ 
does not move the fibers in such a way as to weaken them. Thisis __ 
shown by the fact that continued freezes on the same samples pro- : = 
duce slightly less percentage expansion each time. oa 

We have a sample of copper service pipe which was frozen solid :- 
eleven successive times; being thawed out with a torch between 
freezes and refilled with water to make up for the expansion; and it = 
does not show a sign of fracture. 

The question of thawing copper pipe with electricity has as | 
raised. Our experiences show that the same outfit as used on other ea 
services in Port Huron, Michigan, by the Detroit Edison Company, | 
will thaw a copper service satisfactorily, although due to the low 
resistance of the copper, it is a somewhat longer operation than with 
galvanized iron pipe. This, however, is only a question of trans- oe 
former capacity and any electrical company can cope with the | 
situation. 

It is noteworthy that water works officials who have used copper _ 
service pipe say: that it is the salvation for those northern districts i 
which experience so much trouble each winter. an ; 
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One of the first mnpecbasate which was performed on ‘copper service 
pipe was to determine its flexibility and ductility. Many of you 
gentlemen have seen at conventions the test frame which was loaded 
down 30 inches from horizontal, till, at the low point, it was within 
2 inches of the floor without a sign of a leak, and supporting, in some 
cases, more than 2000 pounds of live weight. 

We have tried many experiments along this line, many of them 
under more practical conditions. We challenge you to produce a 
service material or combination of materials which will stand more 
abuse, more load, than will copper service pipe. 

You have all seen rigid pipes break, goosenecks kink and pull apart, 
you have observed costs pile up when a rock or stump must be 
cleared from the grade; and you have heard the wails of home owners 
whose lawns and sidewalks have been torn up to find that a lead pipe 
had sheared over the edge of some unremoved sheeting over which 
the service had been laid. 

We are all acquainted with what happens in mining districts when 
the earth’s crust makes a sudden shift and we can picture the bills 
rolling in for scores of new water service, because lead is not ductile 
enough to take care of other than the slightest earth movements. 

Vibrations due to street cars, loaded motor trucks and earth 
tremors, all contribute towards shortening the life of service pipe. 
Failure, if from this cause alone, usually manifests itself at the joints, 
but usually these things are contributing factors. When a pipe is 
under stress from any cause, the constant motion of vibration, al- 
though of small magnitude, materially helps to shorten the time 
before ultimate failure. 

Again copper service pipe triumphs. The joints are so much 
superior to screwed joints that it is practically impossible to endanger 
them. We have tried out service installations with this joint (while 
the pipe was weighted with one ton of cement) by attaching a heavy 
air vibrator whose power is many times that coming from the usual 
sources as mentioned above, as well as many other tests devised by 
our engineers, which have only proved the good qualities of a joint 
which for its effect depends on the compression around the entire 
surface of the pipe (inside and out) of a pair of opposed convex sur- 
faces which embed themselves and make a joint as strong as the 
pipe itself. 

Copper pipe is in the same price class with the average galvanized 
iron and lead service. Actual on a in one 
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instance shows it to be only a few éents over either galvanized or 
wrought iron with gooseneck and from $1.50 to $3.50 cheaper than 
other materials such as brass pipe or double extra strong lead pipe. 
These figures are for a complete 20-foot service. 

Still another feature of the economy of copper service pipe is that 
of installation. We have many letters in our files regarding this. 
They speak of the light weight and the ability of a man or a truck 
to carry a larger supply of services to the job; the small number and 
the convenience of the required tools; the ability to lay the pipe 
around an obstruction; the ease with which a hole is forced through 
clay under a sidewalk and above all the great saving in time for the 
completed service which results in a big increase in daily production. 
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NEW F EATURES OF WATER PpRacrics 


The employment of water purification devices in a special way in 
water purification practice in Ohio will be discussed from two general 
standpoints. (1) A description of the research studies and experi- 
ences of several water purification and softening plants, and (2) a 
discussion of details and tendencies in the use of certain new water 
purification devices. 

Pre-chlorination. Treatment of raw waters with chlorine is not a 
new procedure. There are, however, some new phases of this treat- 
ment that are being experimented with in Ohio. Studies are now 
being conducted at the Akron plant in the attempt to eliminate a 
troublesome gas-forming organism that survives the usual filtration 
and chlorination treatment. The first part of the research involves 
the application of liquid chlorine in limited amount into the raw 
water conduit at the impounding dam about one-half mile from the 
filtration plant. The chlorine applied will be limited to an amount 
such that no residual chlorine is present in the water entering the 
mixing chambers. The second phase of the research involves appli- 
cation of heavy amounts of chlorine at the initial point, followed by 
de-chlorination using sulphur dioxide at the mixing chambers. Re- 
sults of these studies will not be available entirely until about 
October of this year. 

Another research with chlorine application to raw water has been 
under way for almost a year, the work being started at Ironton and 
_ continued at Sandusky. The purpose of chlorine application in these 
instances is to relieve the extremely high bacterial load upon the 
ordinary purification processes. The chlorine application experi- 
ments are being conducted in two ways in similar manner as that 
described in the Akron case; first, a mild treatment leaving no 
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vadiual chlorine in the water passing to the coagulation basins; and 
second, heavy chlorination followed by de-chlorination before the 
water is coagulated. Ironton has a yearly average B. coli content 
of about 16,000 per 100 cc. with daily peaks as high as 100,000. 
Sandusky has considerably less pollution load, the yearly average 
being about 1500 B. coli per 100 cc. with daily peaks of 10,000. 
The Ironton experiment has proved a failure on account of the 
presence of industrial wastes containing phenol in the Ohio River 
water, giving rise to chloro-phenol tastes that made the use of 
chlorine impossible in the water treatment; hence the activities have 
been transferred to Sandusky, where no phenol wastes are expected 
to interfere. From the bacterial standpoint the Ironton experience 
indicates that chlorine may be utilized to relieve the heavy pollution 
load and not interfere with subsequent processes, if no residual 
chlorine is left in the water coming to the coagulation basins. 
Adjustment of pH Value for Optimum Coagulation. The operators 
in this state have studied the raw water conditions with a view to 
determining the optimum pH value for coagulation. Generally 
speaking not a great deal of difference seems to prevail in Ohio 
waters between the raw water pH value and its optimum for coagu- 
lation. However, two or three of the plants dealing with impounded 
reservoir or lake waters have felt that it was promising to have 
research along lines of reducing the pH value in the raw water 
before coagulating. E. E. Smith, superintendent of filtration at 
the Lima plant, has had in service for approximately one year 
devices to apply carbon dioxide gas to the raw water as it enters 
the filtration plant and prior to application of the coagulant. The 
treatment was begun as an experiment and has been so successful 
that the equipment first installed has been kept in regular use, and 
the city is now taking steps to provide permanent and more efficient 
equipment. The yearly average pH value of the raw water is about 
8.0. The average optimum pH value for coagulation is found to be 
about 7.0. The carbon dioxide applied reduces the pH value about 
0.3 and accomplishes a reduction in coagulant required of about 
0.5 grain per gallon. The treatment has been limited to the above 
extent by reason of the undesirability of increasing the free carbon 
dioxide content of the filtered water, in order not to produce a con- 
dition of corrosive water. The plant is not adapted conveniently 
either for pumping the filtered water to aeration devices, or for 
secondary treatment with lime to correct the corrosive e tendency of 
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of the Wilmington, N. C. plant as reported by Catlett and Norcom. 


the final effluent; however, it is expected at a later date that this _ 
feature will be remedied in order that even greater savings may be 
obtained in coagulant application by first employing carbon dioxide 
gas to bring about the reduction in pH value of the raw water. 
Double Coagulation. The term double coagulation has been ap- 
plied to the use of two series operated coagulation basins with 
separate mixing chambers or devices to bring about coagulation in 
each basin. At the present time two Ohio filter plants have been 
rearranged to accomplish double coagulation (Portsmouth and 
Cincinnati); two plants were constructed new including this feature 
(Ironton and Torento), and one plant is under construction utilizing 
series operated coagulation units (Norwalk). 4 
There are two primary reasons for the tendency to use double 
coagulation in Ohio. (1) Ohio River carries a load of bacterial 
pollution that is too heavy for ordinary water purification processes 
employing one stage of coagulation; that is, the final effluent is made 
safe only because a great burden of purification rests upon the final 
process of chlorination. During the past two or three years in- 
dustrial wastes containing phenol have seriously interfered with the 
use of chlorination for Ohio River water and hence it has become 
necessary to resort to other means, at least for considerable intervals 
of time. An excellent discussion of Ohio River conditions in relation 
to limitations of water purification processes was presented by H. 
W. Streeter to the fourth annual meeting of the Ohio Conference on 
Water Purification. (2) A few reservoir waters in this state contain 
considerable amounts of color and have relatively low alkalinity. 
Double coagulation devices furnish excellent opportunity for coagu- ; 
lation of the color under these conditions, since any desired amount 
of alum may be applied alone in the first basin; lime may then be 
applied in the secondary basin to precipitate any free aluminum and 
to neutralize the corrosive condition of the water. The foregoing 
practice while new in this state has been copied from the experiences 


Excess Lime Treatment. The term excess lime treatment has been 
given to the water treatment practice which includes the application 
of enough lime to the raw water to create a caustic alkalinity. Such 
is the practice at water softening installations for the purpose of 
bringing about the water softening reactions. 

It was observed by C. P. Hoover, soon after the Columbus plant 
Was placed in service, th obtained created a 
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condition wnteveeile to bacterial life, and that the sie from 
the settling basins was sterile. At his suggestion Youngstown insti- 
tuted the excess lime treatment for the badly polluted Mahoning 
River water used as a source of supply at that plant. That the 
treatment has been a success is demonstrated by the experience of 
the last few years. The raw water pollution load at Youngstown 
is probably the greatest of any water treatment plant in the country. 
The yearly average B. coli index exceeds 20,000 per 100 ce. and it 
is not possible to use chlorine at this plant because of interference by 
phenol bearing wastes. The final effluent during the past year has 
not shown a single positive presumptive B. coli test in any of the 
five 10 cc. portions tested daily. The safety of the water is entirely 
dependent therefore upon careful application of lime to the river 
water, and W. I. Van Arnum, superintendent of the Youngstown 
plant, deserves great credit for the careful conduct of this lime 
treatment. 

Combination of Excess Lime, Double Coagulation, and Adjustment 
of Raw Water pH Value. Following the unsuccessful attempt at 
Ironton to relieve the bacterial load in Ohio River at that point, a 
change of treatment was made beginning in December 1925. The 
experience of Youngstown and Lima has been made use of at Ironton 
in the following schedule: The plant has double coagulation facilities; 
accordingly, lime was applied to the primary basin in an amount to 
produce causticity, therefore sterilizing the supply. Alum was 
applied at the secondary basin to coagulate the turbid Ohio River 
water. It was noted that considerable alum was required if the 
influent water to the filters was to be kept in a condition to prevent 
carbonate scale forming on the sand grains as a result of the excess 
lime used. In order to economize on the alum, the pH value of the 
water is being reduced by the use of carbon dioxide gas applied at 
the mixing chamber of the secondary basin. A saving of more than 
two grains of alum per gallon seems to be promised and the water 
coming to the filters contains no mono-carbonate alkalinity that 
would encrust filters or piping beyond the plant. By means of the 
practice above related, it will be possible to produce excellent filtered 
water without the use of any chlorine; without increasing the cost 
of the water treatment over previous practice; and having as reserve 
processes, or factors of safety in the treatment, both the coagulation 
in the secondary basin and the rapid sand filtration. 


Experience 
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in the industrial field has been copied and applied in convenient 
manner at two small municipal softening works in this state, where 
the fill-and-draw system of water softening is used. The settling 
basin also constitutes the mixing tank, the mixing being accomplished 
in one instance (Glendale) by mechanically operated agitators and 
in the second instance (Batavia) by compressed air. The charge of 
chemicals is applied while the tank is filling with water. Funda- 
mental principles of water softening are taken advantage of, in that 
mass reaction of the chemicals with the water is obtained; efficient 
mixing by mechanically operated agitators takes place; and a per- 
fectly quiescent: settling condition prevails, because the tank is 
allowed to remain idle before water is drawn off to the filters from 
the surface by a floating outtake. It has been our experience that 
the ‘fill-and-draw system of softening by the lime-soda process is 
better adapted for the very small plant than the continuous flow 
system. 

Municipal Zeolite Softeners. The employment of the zeolite proc- 
ess for municipal water softening is of fairly recent occurrence in 
this state. One plant is under construction for a small community, 
and two others are proposed for immediate installation. Advantages 
of this process over the lime-soda process are pronounced in the 
case of the small community which already has an adequate supply 
of well water of good sanitary quality. Some of these advantages 
are the following: By operation of convenient by-passes any degree 
of hardness desired may be permitted in the final product; the 
installations are compact; they are considerably cheaper to install; 
operation costs are about the same; and very little supervision is 
required. 

Natural Recarbonation. Oberlin has the oldest municipal water 
softening installation in the country utilizing the lime-soda process. 
Incrustation and depositing of carbonate of lime have occurred 
extensively in the distributing system. The excelsior filters orig- 
inally provided were abandoned last year when Oberlin began the 
practice of natural recarbonation, which was made possible by the 
use of an existing large open reservoir for the storage of the treated 
water. Chlorine is applied to the final product delivered to the 
system as a factor of safety on account of the open storage of the 
treated water. The results have indicated that enough carbon 
dioxide is absorbed from the atmosphere in the thirty days or more 
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all of the normal carbonates are not converted by this atmospheric 
absorption it appears that the depositing portion of these carbonates 
is eliminated. It is too soon to state if the open storage of such 
water will not invite other difficulties such as algal growth. 

Iron Removal and Softening. Ohio has about 15 iron removal 
plants in which ground water is treated. The original devices used 
were aeration, sedimentation and rapid sand filtration. The funda- 
mental principles involved in iron removal practice, as regards Ohio 
conditions, have been well stated by A. E. Kimberly in his paper 
published in the Second Annual Report of the Ohio Conference on 
Water Purification, as follows: (1) The water must be thoroughly 
oxidized to precipitate the iron (2) Some of the precipitated iron is 
colloidal in character, but may be coagulated by catalytic action in 
contact with previously precipitated iron sludge. In the newer 
types of plants, therefore, sedimentation is being abandoned in 
favor of contact filters. 

At one recently completed plant (Newton Falls) the devices are 
placed one above the other, on what might be called the ‘“sky- 
scraper” plan. The water from the wells is pumped to nozzle 
aerators located at the top of the structure, which spray directly 
upon the contact filters, from which the water flows to the sand 
filters at the first floor level; the effluent from the sand filters is col- 
lected in the clear well substructure. 

At another plant it is proposed to substitute for the silica sand in 
the rapid sand filters zeolite sand, in order that the water may be 
softened in addition to the iron removal. The experience of the 
past year would seem to show that contact filters are very efficient 
in bringing the iron out of solution and in removing the greater 
portion of the iron. Therefore, the use of the zeolite in place of the 
filter sand should result in satisfactory softening without the zeolite 
being interfered with by iron depositing around the zeolite particles. 

There is a general trend toward municipal water softening in all 
new development of water treatment in Ohio. It seems that our 
people are requesting a soft product as well as a pure product and 
this requirement appears to be independent of whether the water 
supply is of surface origin or of ground water origin. 


DISCUSSION OF NEW WATER PURIFICATION DEVICES 


- Coagulant Feed Devices. Up until a few years ago coagulant was 
applied at — all plants ” means of solution feed tanks and 
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orifice devices. With one or two exceptions all of the last 10 or 
12 plants constructed in this state have utilized dry feed apparatus 
for applying the chemicals. Reluctance in changing from the solu- 
tion feed to the dry feed system was observed at first due to mechani- 
cal difficulties encountered in the earliest types of machines; these 
difficulties have been largely eradicated. 

For application of the coagulants it was common practice five or 
ten years ago to provide metal piping of special character, these 
pipes being imbedded in the concrete of the filter plant structure. 
Clogging troubles have demonstrated that it is advisable to place 
piping in accessible locations, and provide for short travel of the 
chemical from the machine to the point of application. At all of 
the recently constructed plants flexible hose of rubber or composition 
material has been employed, and experience indicates that clogging 
troubles are now practically nil. These hose pipes are placed in 
the open and the most direct route from the chemical machine to 
the water receiving the chemical is taken. 

Mixing Devices. Early design employed gravity baffied mixing 
chambers with either horizontal or vertical flow of the water and 
long periods of retention, many of the plants having as much as one 
hour in the mixing chamber. None of the new plants installed in 
the last two or three years in Ohio use this type of mixing. One 
style of gravity mix, however, is now employed, namely, the hy- 
draulic jump. The new Baldwin filtration plant at Cleveland used 
this device which was developed by J. W. Ellms, engineer in charge 
of water purification at Cleveland. This style of mixing chamber 
utilizes velocity head for a very efficient mingling of the chemicals 
with the water. With the exception of the Cleveland plant all 
other new plants in this state are utilizing some variety of a mechani- 
cal mixing chamber. The incentive for this style was largely the 
experimental work done in connection with the design of the Sacra- 
mento filtration plant and corroborated by laboratory experiments 
of C. P. Hoover and others in this state. Two general types are 
used. The vertical hanging blades or agitators, and the horizontal 
suspended blades. Generally two tanks are provided to give flexi- 
bility, each with individually operated single shaft agitators. At 
first more than one agitator shaft was employed in a tank, but experi- 
ence indicates that undesirable velocities are set up which break 
the floc formed. 

The tendency to use the mechanical mix is accounted for by some 
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of the advantages obtained, as follows: The system does not utilize — ay a 
extra head through the devise; ease of construction makes it possible a aon © 
to enclose the entire mixing chambers within the chemical house ; pas 
likewise chemical feed equipment may be placed immediately ad- 
jacent, with direct application of the chemicals through short lines; _ 
in most instances less than two horse power is required for operating oe 
each agitator; a definite velocity may be obtained irrespective of the ae 
changes in flow of raw water through the plant; and the velocity Pe: 7: aes 
may be adjusted at will by varying the speed of the motor driven 
mechanism. Generally speaking, these tanks are designed to hold 
about 20 minutes retention and the speed of the agitator is set to 
give the water a velocity of about one foot per second. ioe 
Clarifiers. Municipal water treatment practice has copied from 
industry another device, the clarifier, which has been developed _ 
largely by the Dorr Company. There are three in service in Ohio, _ 
all three of them in connection with water softening installations. — 
The character and volume of the precipitate resulting from the raw 
water treatment determines to a large extent the advisability of 
installing thickening devices of this nature. For the most part 
turbidities are not encountered in Ohio that would warrant the 
installation of clarifiers in ordinary water treatment practice. The 
three softening plants employing Dorr clarifiers are Newark, Green- 
ville and Piqua. The first installation was circular in style, but the __ 
two recent ones are square. The water is retained about one hour | 
and permitted to flow through the clarifier at a low velocity of travel __ 
somewhat less than one-half foot per minute. The mechanically 
operated thickener is set for a slow rate of travel usually about 4 
revolutions per hour. mek 
The advantages of the clarifier particularly: for water softening  _ 
practice are seen from the results cited for the Newark plant. The — 
clarifier removes about 98 per cent of the total suspended matter 
present in the water leaving the mixing chambers. Another ad- __ 
vantage is that sludge removal may be conducted continuously and 
in less objectionable manner. This item is of particular importance | 
where a small stream must receive the discharge of the sludge and _ 
waste water from the purification works. A striking inference may 
be drawn from the performance of the clarifier in the softening 
practice, namely, the great reduction in size of settling basins needed 
prior to filtration. 
At the Newark plant installed two years ago — nes was 
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followed and settling basins holding 8 hours of supply were con- 
structed. Based upon the performance of this plant the Greenville 
and Piqua designs have reduced the settling basins capacity to reten- 
tions of from two to three hours. In the latter design a by-pass of 
the settling basins has been arranged in order to determine whether 
or not all of the settling basin may be omitted. 

Carbon Dioxide Application Equipment. Carbon dioxide gas is 
employed in water treatment at several plants in this state; for the 
most part this treatment is used at softening plants for the pre- 
vention of after-precipitation of mono-carbonates. There are two 
general features of carbon dioxide application; the generation equip- 
ment and the absorption chambers. 

Research work is still going on with regard to the best method of 
generating carbon dioxide for water treatment practice. In Ohio 
four plants are using coke for fuel, one uses oil, one uses powdered 
coal, and one contemplated will use producer gas. Based upon the 
experiences thus far it would seem that burning of coke affords the 
best way of obtaining carbon dioxide for the medium size and small 
plants. For very large installations it appears now that the burning 
of producer gas will be the best. It is this type of installation that 
the City of Columbus is going forward with. The producer gas will  _ 
be manufactured first by burning coke with a restricted air supply __ 
for draft and the resultant gas then burned under the boilers, in order _ 
to utilize the heat of burning of the producer gas. The chimney _ 
gases from this boiler will then carry a very high percentage of __ 
carbon dioxide and be quite serviceable for carbonating the large — ‘a 
volumes of water at this plant. It seems desirable to include with _ 
the generating equipment a scrubber and drier to take out impurities 
from the gas that might affect the compressor. Experience at two 
plants has shown that the compressor is affected if insufficient 
scrubbing of the gas is done before compressing. However, onenew 
plant (Girard) is employing a new type of compressor that is water 
lubricated, which promises to make possible the omission of scrubber 
and drier as a preliminary to compressing the gas. 

At the first plant to install carbon dioxide equipment (Defiance) 
special provisions were made to cause the gas to be absorbed by the 
water. A carbonation chamber was arranged that had filtros dif- 
fusers to break up the gas in small bubbles; also baffled compart- 
ments to cause the water to travel downward against the upward 
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cipitates that might be formed. Experience has shown that the 
precautions cited are not needed to obtain satisfactory carbonation. 
The recent plants are employing the last portion of the settling basin, 
say a capacity of thirty minutes retention, instead of providing 
separate basins. No particular baffling is done except to partition 
off this compartment from the remainder of the basin and thus 
prevent the disturbing of suspended matter already settled out in 
the basins. For distributing the gas ordinary grids of piping with 
small perforations, say from ;; to } inch, are giving good satis- 
faction. Tests with such piping show that over 90 per cent of the 
carbon dioxide applied is absorbed even when the depth of the 
water is not greater than 8 or 10 feet. 


In conclusion the writer wishes to state that the material pre- 
sented in this paper is drawn largely from the work of the Ohio 
Conference on Water Purification and credit for new thoughts 
gleaned belong to the men in charge of the particular plants cited. 
This Conference comprises the men actively in charge of the water 
treatment plants. They have met with the State Department of 
Health annually for the past five years, and the conference has thus 
become the medium of exchange experiences, and results 
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THE THIN PLATE ORIFICE FOR THE MEASUREMENT OF 
WATER! 


Every one interested i in water works engineering is familiar with — 
the use of the venturi tube for the measurement of water flowing in 
pipes. The venturi tube has been a commercial article for nearly 40 
years, and during that time it has become the standard method for 
the measurement of cold water. The constants have been estab- 
lished and the limitations are known, so that a venturi tube can now 
be installed with the expectation of satisfactory results. 

Developments in other fields of engineering have led to the adop- 
tion of the thin plate orifice for the measurement of fluids, which 
includes steam and gases. You doubtless know of the use of orifice 
flow meters for the measurement of steam. I want to take this 
opportunity of bringing to your attention the advantages in the use 
of this type of meter for the measurement of water. 

Some years ago the American Society of Mechanical Engineers 
appointed a Special Research Committee on Fluid Meters. Part of 
the members were interested in the manufacture of meters; one 
representative being chosen from each company in the field at that 
time. The remainder were men, who in the practice of their profes- 
sion had had extensive experience with flow meters of various kinds. 
The Committee spent agreat dealof time and effort, and in 1924 made 
a report covering part one of the subject. This report deals only 
with the primary element of the fluid meter, which can best be 
described by quoting from their introduction as follows: 


All Fluid Meters consist of two distinct parts, each of which has a different 
function to perform. The first is the primary element, which is in contact 
with the fluid, and is acted on directly by it. The second is the element which 
translates the action of the fluid on the primary elements into volume, weight 
or rates of flow, and indicates or records the results. 


1 Presented before the Manufacturers’ Association meeting, Buffalo Con- 
vention, June 8, 1926. 
* Republic Flow Meters Company, Chicago, Illinois. 
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‘Similarly the present paper deals with the primary element as 
defined above. It is based upon this report and all of the values for 
factors given are taken therefrom. 

The venturi tube, the flow nozzle, and the orifice, as well as the 
other differential mediums used with the various flow meters now on 
the market, have common characteristics in that the flow through the 
primary element produces a pressure difference which the secondary 
element translates into rate of flow. This difference is between the 
static pressure at two different sections of the stream. 

If a small hole is drilled perpendicularly through the wall of smooth 
pipes along which fluid is moving, the inside edge of the hole free 
from burr, and the hole is connected to a pressure gauge, the observed 
pressure is called the “Static Pressure” of the fluid that is moving 
past the hole. 
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The eniiteutinn —s of the head meter, that is the venturi tube 
flow nozzle or thin plate orifice is: 


Peeler 


= theoretical rate of discharge, cubic feet per second. e 
= area of the entrance section at the up stream pressure 
connection, square feet. i 
= ratio of entrance to throat diameter 
g = acceleration of gravity, 32.174 
h = difference of level (feet) at which the liquid stands in 
two vertical tubes which are connected to the side 
holes at entrance and throat respectively, and are 
either open at the top or connected through a closed 
air space. 


1 
The factor Jeni depends only on the diameter ratio and is 


independent of the absolute size of venturi, nozzle or orifice. Fe 
The factor A, is fixed only by its absolute size. These two factors — 
be into a single constant, 
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which can be computed once for all for mi ar installation and the 


For various reasons, which will not be discussed here, the rate of 
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flow V ae feet per second) observed is usually different from the 
theoretical value, and the practical equation is 


V=CMV2gh 
in which Ci is the coefficient. 


Os! 


: 
JF >~Piezometer Tubes 
: Throat Settion 
£ 
b = M 
° ercupy 


announced in 1797, in the published researches of J. B. Venturi, an 
Italian philosopher. He observed that fluid discharged through an 
expanding nozzle exerted a sucking action at the smaller diameter 
which diminished as the diameter increased towards the outlet. 
It is apparent that he considered this phenomenon scientifically 
interesting, but without practical value. 

In 1887 Clemens Herschel conducted a series of hydraulic experi- 
ments on various sizes of tubes composed of two conical portions 
joined at the small ends, thus forming a contraction near the middle. 
As a result of these experiments, the design of tubes now in common 
use was established and as the final outcome of the experiments a 
patent was granted to Mr. Herschel on the device which he named 
a venturi tube. 

Figure 1 is a section of a typical venturi tube, the proportions 
much the same as those originally adopted by Mr. Herschel. Begin- 
ning at the up stream end, it consists of a short cylindrical portion, 
machined to a definite diameter and containing the side holes for 
measuring the up stream pressure. Then comes the entrance cone 7 
which reduces the diameter to that of the throat which is accu- 
rately machined and has side holes for taking off the throat pressure. 
The end of the throat leads into the exit cone or diffuser, which 
increases the diameter to that of the pipe line. 

If the venturi tube is well made and properly installed, the value of 
C is between 0.97 and 1.00 with the mean value of 0.985 er 

used. 


E 


The thin plate or sharp edged orifice was used for many years to 
measure rates of discharge from tanks into the open air. It was 
also known that an orifice in a straight run of pipe could be used for 
the measurement of water, provided the orifice was calibrated in 
place; that is, it was an accepted fact that an orifice would produce 
the same differential pressure for the same rate of flow at all times. 
It was not until about fifteen years ago that any one conceived the 
idea that an orifice could be designed to meet definite conditions 
and could be used for measurement of water in exactly the same 
manner as a venturitube. A number of independent investigations 
were started and a respectable volume of data has been collected. 
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os - sorts of conditions, and the accuracy of the data and the consistency 
of performance has been established. When the same care is taken 
‘- with the installation of an orifice as with a venturi tube, the same 
accuracy of results can be guaranteed. 
Figure 2 is a diagram illustrating the installation of an orifice in a 
pipe. In its simplest and most familiar form, the orifice is merely a 
~ round hole in a thin flat diaphragm clamped between the flanges at a 
_ joint in the pipe line, with the hole concentric with the pipe. In 
_ practice the orifice is usually made from sheet monel metal from 3's to 
ys inch in thickness. At times a thicker plate is used and the plate 
As then chamfered around the hole on the down stream side so as 
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SECTION SECTION-2 SECTION-3 


Fig. 2. TH1n PLATE ORIFICE IN PIPE 


to leave only a thin edge, while the up stream face of the plate remains 
flat, with a sharp 90 degree corner at the edge of the hole. 

The dotted lines are the so called “lines of fiow;’’ that is, the sup- 
posed path of particles approaching, passing through and leaving the 
orifice. The vertical, open ended pipes shown indicate the pressure 


1. Up stream before the flow has been affected by the orifice. asia We 

2. At the point of minimum pressure below the orifice known as the vena 
contracta. 

3. At point of restoration, which is about four pipe diameters below the 
orifice. 


at the three points. 
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» = Since that time various tests of orifices have been made under all 
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can be installed without any change in piping. Twelve diameters 
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These three points correspond to the three pressures considered on be 
a venturi tube. 

It is a familiar observation that a free jet of water from a sharp- “AN 
edged orifice is not cylindrical, but contracts at first. On account of 
the flow inward toward the orifice on the up stream face of the __ 
diaphragm, the outer filaments of the jet as it leaves the orifice have —__ 
a component of velocity toward the axis, so that the profile of the __ 
jet is concave and decreases in width. At a certain distance from ae 
the plane of the orifice, the jet has a minimum section, or vena © 
contracta, where the area is constant for a short distance. The 


of the orifice, but at the vena contracta, which corresponds to the end <e 
of a flow nozzle discharging a jet of water into the open air. The jet ria 
from a thin plate orifice inserted ina pipe lineactsina similarmanner. 
This is shown by the dotted lines of flow in figure 2. ; oy AF 
If the orifice is small compared with the pipe diameter, the result Ye at 
is merely a jet from one larg space to another. As the orifice _ : 
diameter is increased to a larger and larger fraction of the pipe diam- __ 
eter, the vena contracta moves closer to the plane of the orifice and 
the jet is surrounded by a dead space filled with eddying water. The 
jet is thus retarded and it must expand in cross section so that after — 
a few pipe diameters it fills the whole section of the pipe. It has Re F 
not been proved definitely that the pressure in a side hole must be 
the same as it is in the jet at the same distance from the plane of the aes 
orifice. However, it has been shown by visual testsin glass tubes 
that the vena contracta is in the same plane as the side hole showing © 
the lowest pressure. Therefore, this pressure may be considered the _ 
same as the static pressure in the vena contracta. : 
If the diameter of the vena contracta could be measured directly, __ 
the discharge coefficient in the equation given previously would be _ 
nearly unity because the speed actually attained in the vena con- __ 
tracta is closer to the theoretical value than is the throat speed of the 
venturi tube. Since the diameter of the vena contracta cannot be 
measured directly, the diameter of the orifice is used and this accounts 
for the coefficient being from 0.60 to 0.62, depending upon the size of _ 
pipe and the orifice ratio. x 


ORIFICE INSTALLATION 


It is usually possible to select a flange in the line where an orifice * 
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of pipe on high pressure side of the is to 
insure satisfactory results under any conditions of flow. In practice 
this length of straight pipe is not always available. The length 
actually necessary for satisfactory results depends upon the ratio 
of the orifice diameter to the pipe diameter and also the velocity of 
a the flowing fluid. 

The orifice is inserted in the pipe between gaskets. It is made of a 
proper size to fit inside of the bolt circle and has pins on the handles 

to center the opening in the pipe. The two pressure taps are made 
~ one on each side of the orifice. A 32-inch pipe connection is all that is 
- required and it can be tapped directly into the wall of the pipe. 
Care must be used that the nipple does not project into the pipe on 
- the up stream side of the orifice because an aspirating effect may be 
produced that will affect the accuracy of the meter results. 

In case of bell and spigot pipe, the orifice is put in at the bottom 
of the bell and held in place by the spigot. When the joint is made 
the orifice is solidly held and it is only necessary to make the pressure 
connections on either side of the orifice. 

The orifice is comparatively inexpensive. Consequently it can be 
designed for present needs. Should increased demand occur, it is a 
simple matter to install a new orifice of increased capacity. This is 
ae one very important advantage of the orifice. When distributing 
a =. systems are laid out there is always a liberal allowance made for 
“a future growth. Consequently if the meter is designed for the ulti- 
oe aa mate capacity, it will be operated for a number of years below half 
capacity, and the accuracy may be in question during low flow 
5: _ periods. Initial readings are very important because they serve as a 

starting point for checking future growth and it is well worth the 
ee small additional expense to have meters which at all times will read 
within the most accurate range. 

The ease of installation and small interruption of service make it 
possible to install district meters in lines already in service. When 
bell and spigot pipe is used, it is possible to install an orifice using 
ordinary fittings without the delay caused by waiting for special 
_ flanged pipe. 
ny ‘ It is customary to guarantee an accuracy within +2 per cent for 
_ flow meters when properly installed. This guarantee is based upon 

the installation of the orifice in commercial pipe. If the pipe section 
on the high pressure side of the orifice is machined to exact size for 
two pipe diameters, a — of accuracy within +1.5 per cent 
can be made. pear 
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The orifice is made from monel metal and the pressure drop 
through the orifice is so low that there is no cutting of the edge to 
enlarge the orifice size. Neither is there any deposit of sediment on 
the edges of the orifice that will reduce the size of the opening. In ; 
practice the orifice remains clean and the accuracy is maintained. By) - 
There are orifices that have been in service for ten years, and the 
accuracy is the same as when first installed. 
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Let us sum up the advantages resulting from the use of the orifice on 
for the measurement of water. Gi, 


flange in the pipe. 
3. Accuracy to compare with other types of differential medium. 


4. Maintained accuracy. eae 


APPLICATION 
So far the discussion has dealt simply with the use of the thin 
plate orifice for the measurement of water. Now we will consider & a 
few applications of this type of differential medium. — 
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- peailly apparent. As shown in this cut, the standard thin plate 
orifice is installed in a pipe and connections are led from the two 
points ‘‘A” and “B” to the meter body. The difference in pressure 
between “A” and “B;” that is the differential pressure, is balanced 
by mercury in a U-tube. The two legs of the U-tube have different 
areas; the high pressure side being large in proportion to the area of 
the low pressure side. Consequently a differential pressure produces 
- asmall drop in the high pressure side and a relatively large rise in the 
tnd “4 low pressure side of the U-tube. In this low pressure side of the 
U-tube is a variable resistance having a number of taps consisting of 
nickel rods of different lengths. These rods are so arranged that a 
rise in the mercury makes contact with successive rods in such a 
-manner that the electric current flowing is proportional to the flow 
of water in the pipe line. In other words, the resistance in the meter 
- circuit is inversely proportional to the flow of water at alltimes. The 
electrical instruments measure the rsistance of this circuit accurately, 
and since it is a measurement of resistance, the effect of voltage does 
not come into the picture. 
The number of contact rods is very large so that every variation 
_ In flow and corresponding change in the level of mercury causes an 
ae change in the reading instruments. 


; | Bee ss Figure 3 illustrates the principle of electrical operation. The 
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EIGHTEEN MONTHS OPE RATION OF THE DETROIT 


FILTRATION PLANT! 


The Detroit filtration plant was formally opened and placed i in 
service on December 21, 1923. 

The general interest inanitested ; in the operation of the Detroit 2 
plant warrants the belief that a brief history of “observations made _ 
and experiences resulting from the two years of its service” will be — 
appreciated by the members of this convention. i 

It is recognized that the Detroit filtration plant has a greater : rt 
filtering capacity than any other plant in the world, having a daily a 
filtering capacity of from 320 to 360 million gallons. 

In the construction of the Detroit filtration plant there were no 
unusual departures from the general design of other plants, exclusive __ 
of the mixing chamber which is considerably smaller in proportion __ 
to the capacity of the plant than those which have been provided _ 


in most recent filter installations. 


The mixing chamber is 18 feet wide by 240 feet long, and was — 
designed to provide thorough and rapid mixing at high velocities by _ 
means of a diversified system of alternate sets of vertical and hori- 
zontal baffle walls, so arranged that, operating at maximum capacity, — 
the velocity through the chamber is approximately 90 feet per 
minute, and the mixing period slightly less than 3 minutes. | 

Provision was made for introducing the coagulant, sulphate of 
alumina, at the initial point of the chamber. 

During the first six months of operation close observations were _ 
made of the applied water, at the outlet end of the mixing chamber. — 

Coincident with similar conditions in other plants it was noticed 
that at indefinite periods there was a decided change in the appear- 


1Presented before the Water Purification Division, Buffalo Convention, a 
June 10, 1926. 
2 Board of Water Commissioners, Detroit, Mich. 


4 
> 
‘iad 
3 
> 
) 
f 
4 
> 
> 
r 
4 
2 
| 
=) 
ing 
465 
ts 
P 
j 


ance of the applied water, notwithstanding the apparent constancy 
of the turbidity of the raw water. 

Upon occasion there was decreased efficiency of coagulation, 
resulting in scanty floc formation which tended to give the applied 
water an opaque appearance. The change in the character of the 
water was most discernible when the turbidity of the raw water did 
not exceed 20 p.p.m. A turbidity in excess of that amount decreased 
the clarity of the applied water to such a degree that it was impos- 
sible to make determinations other than by the standard practice 
of turbidity comparisons. 

The appreciable difference in hours of filter service caused by 
varying factors of coagulation prompted the consideration of chang- 
ing the point of application of the concentrated solution of sulphate 
of alumina. 

In accordance with the above decision a 23-inch feed line was 
connected to the discharge of the alum dry feed machines and the 
flow of chemical solution diverted to the effluent end of the intake 
tunnel, the discharge end of the chemical feed line being sub- 
merged to a depth of 5 feet at the central point of the tunnel. 

The possible advantages to be derived from changing the point 
of chemical application were the following: the additional travel of 
approximately 100 feet through the raw water flume under the low 
lift pumps and the vigorous mixing supplied by the low lift pumps 
as the water is discharged into the connecting tunnel between the 
low lift pumping station and the filtration plant, followed by the 
slower agitation as the water passes through the mixing chamber. 

Constant observation of the applied water at the outlet end of 
the mixing chamber, after changing the point of application, did 
not reveal any apparent difference in flocculation, although the 
resulting increase in hours of filter service was quite appreciable, 
amounting to from 12 to 15 per cent. 

During the months of January, February and March of each year 
the turbidity of the Detroit river water rarely exceeds 20 p.p.m., 
the protective covering of ice preventing serious disturbance of Lake 
St. Clair by wind or rain. At this season of the year conditions are 
usually more consistent, relative to turbidity and temperature, 
than at any other season of the year. Therefore, it will be readily 
understood that a change in the character of the water would not 
seem to be entirely due to agitation of the Lake water, though local 
river disturbance is responsible for short periods of increased 
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As a means of demonstrating the practicability of the longer 
mixing period we have occasionally changed back to the original Z 
point of application of the chemical solution, whereupon, following 
the usual period of settling, there was a marked decrease in hours 
of filter service. 

Convinced of the desirability of a longer mixing period, provision 
has been made for a permanent installation to convey the chemical 
solution to the initial point of entrance of the river water. ae 

The relationship between turbidity, rate of filtration and filter | 
service is an important factor in the operation of a mechanical or 1 Ae 
rapid sand filtration plant. ae 

In the Detroit plant, as in other plants, the length of time a filter a 
will remain in service is governed by the character and quantity of ay 
suspended matter in the raw water, efficiency of coagulation and > 
rate of filtration. I 

When the turbidity of the raw water is unusually low, it is generally - 
found that owing to the presence of organic colloids and the very 
finely divided state of the suspended particles, coagulation is re-— 
tarded and sedimentation proportionately decreased by the for- 
mation of fine floc, which has relatively low attraction for the foreign © 
matter contained in the water. This condition often prevails in the — i 3 is 
Detroit plant, particularly during the winter months, when the __ 
temperature of the water is but slightly above the freezing point. _ = 

In the event of unusually low air temperatures there is a very | oe Pe 
decided increase in water consumption, prompted by the precau-— ee 
tionary practice of the consumers in wasting water to prevent frozen | ' a 
water lines with the attendant expense of repairs. On these oc- — [a 
casions the rate of filtration must be increased to meet the water 
demand. In extremely cold weather this increase will be approxi- 
mately from 8 to 10 per cent. nae 

During the year 1925 the periodic changes in rate of filtration, = 
occasioned by seasonal demand, varied from a minimum rate of 125 — | 
to a maximum of 175 m.g.d. per acre. : 

The limited storage capacity of the filtered water reservoir, which — 
does not exceed, from the filter plant operating standpoint, more 
than 15 million gallons, less than two hours normal supply, prohibits — 
operation at a uniformly low rate for any considerable length of time. 

On the contrary, it is necessary to keep the filters set at a suffi- — 
ciently high rate to meet peak loads during certain hours of the day, © 
cutting out or Placing { filters in service with the cunteting pumpage. i 
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The ow is +s during most of the srnctinedeiaitenais day only 
part of the 80 available filters are in actual service and at a higher 
rate setting than would be needed if it were not necessary to filter 
water at approximately the same rate at which it is being pumped 
into the distribution system. To illustrate this point, at 12 noon 
on June 25, 1925, 75 filters were being operated at the rate of 166 
m.g.d. per acre to meet a peak load of 312 m.g.d. At 12 midnight 
only 45 filters were in service (at the same rate) to carry a load of 
187 m.g.d. The total water filtered on that date was 264.6 mil- 
lion gallons. 

The above example indicates an important disadvantage we have 
had to contend with in the operation of the plant, and no relief 
from this condition will be afforded until an additional reserve of 
filtered water has been provided. In this connection the Detroit 
Department of Water Supply has made provision for the construc- 
tion of a second filtered water reservoir with a capacity of 20 million 
gallons. This reservoir will be situated immediately north of the 
existing filtration plant and the combined available supply from the 
two reservoirs will total 55 million gallons, or five and one-half 
hours supply at present normal rates. 

The additional reserve of filtered water will enable us to operate 
the plant at an approximate rate of from 125 to 140 m.g.d. per acre, 
or 3.0 to 3.5 million gallons per day per filter, which will be of great 
benefit, inasmuch as it will permit a desirable increase in the period 
of coagulation and sedimentation, which, in turn, will result in longer 
filter runs, the use of considerably less wash water and increased 
bacterial efficiency of the filters. 

In regard to the latter condition it is universally recognized that a 
low rate of filtration is most desirable. In the Detroit plant it is 
often necessary to increase the rate of filtration in order to provide 
sufficient water to meet the demand. The undesirability of increas- 
ing the rate of filtration, when the filters have been in service for 
some hours, is well understood. Yet, owing to the limits of opera- 
tion, we are compelled to make these changes. 

Our records of operation offer conclusive evidence of the value of 
low filtration rates, from the standpoint of bacteriological efficiency 
and increased filter service. 

During the months when the rate of filtration does not exceed 
135 m.g.d. per acre, and the turbidity of the raw water is not less 
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me 7 bacterial reduction of the filtered water, dinate: a counter 


effect results from operating at the rates which prevailed during the 
months of July and August, 1925, viz. 166.3 and 165.8 m.g.d. per 
acre respectively. 

The percentage of decrease in bacterial efficiency of the filters, 
after increasing the rate of filtration, is largely influenced by the 
condition of the river water. A turbid water, containing numerous 
bacteria, will show a higher percentage of bacterial efficiency of the 
filters than a water containing a relatively low number of bacteria 
and a small amount of turbid matter. 

To counteract the possible harmful effects of operating at the 
higher rates, a slight increase of chlorin solution is applied to the 
water, usually } pound in excess of normal dosage. 

Efficiency of coagulation and sedimentation is essentially im- 
portant in the process of filtering a water supply. There are two 
coagulation basins in the Detroit plant, each of 15 million gallons 
capacity. These basins were designed to provide a subsidence 
period of more than two hours when the whole plant is operated at 
its maximum rate. 

From observations made, the reader believes that a period of 
sedimentation of less than two hours is impractical in treatment of 
the Detroit river water. 

To determine the efficiency of the west coagulation basin, in regard 
to flow and time of retention, studies were made of the currents, 
by means of surface and depth floats, in 1925. This basin is 505 
feet long by 240 feet wide and 16 feet deep, and is of the around 
the end type. 

The applied water is admitted from the mixing chamber through 
a submerged sluice gate, 83 feet by 14 feet in size. After entering 
the basin the water flows against a perforated baffle wall which 
serves as a distributor. This wall sits on an angle of 12} degrees. 

The current studies, which supplemented preliminary investi- 
gations conducted in 1924, showed that peculiar currents and eddies 
are created throughout the basin. 

In some locations of the basin it was found that velocities were 
four times the average, in others the flow was almost zero. Reverse 
currents and dead corners were also discovered. 

To augment these studies and to endeavor to discover some new 
facts in relation to basin dispersion, a model coagulation basin was 
constructed which is a prototype, at a scale of 1 to 20, of the west 7 
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After determining this flow several to improve the general 
_ flow of water through the basin were experimentally tried. Briefly, 
these schemes were as follows: an inclined baffie was installed and 
- used in various positions; screens of different mesh were placed in 

varying positions and changes of flow determined; perforated baffle 
= or stilling basin and submerged weirs were also experimented with 

and resulting changes carefully noted. 

5; Me Me The various tests for current variations were made with surface 

ig and submerged floats and color clouds. The obtained results were 
charted on a system of codrdinates at one minute intervals, locations 
of extreme eddying and dead corners being charted. Dispersion 
was also determined by dosing with sodium chloride. 

_ These experiments have not been concluded and other methods 

_ of determining the most efficient means of controlling the flow and 
dispersion of the water in the west coagulation basin will be tried 

until the most practical control has been definitely decided. 

Admittedly, conditions of flow in the coagulation basins are not 
entirely satisfactory, and the adopted method of future control 
should have the effect of prolonging the period of retention, which 
at the present time of operation is considerably less than the capacity 
of the basins would indicate. 

_ These points are purposely stressed because of their close relation- 
ship to the general principles of filtration practice. 9 mets? ene) q 
bet 


FILTER BEDS 


fic 3 In the Detroit plant there are 80 filter units, each having an 
effective sand area of 1088 square feet. The filters are divided into 
five double rows of eight beds with a pipe gallery between each two 
rows, the operating floor forming the cover for the pipe galleries. 
Each bed is 75 of an acre and has a filtering capacity of 4 million 
gallons at 160 million gallon rate or 44 million gallons at 180 million 
gallon rate. 

The filtering medium consists of 17 inches of gravel placed around 
and above the strainer system in even layers, varying in size from 
2 inches at the bottom to ;'5 inch at the top, and 30 inches of sand 
having an effective size of 0.45 mm. and uniformity coefficient of 1.5. 

When the wh cme was first — in service the — of sand in 
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OPERATION OF DETROIT FILTRATION PLANT | 


anil filter did not exceed 24 inches. After two months of operation, oes, ss 
during which time regular inspection of the beds were made, it was — wa ; 
discovernd that “mud balls” were much in evidence in each bed. s 

The problem of disposing of the mud balls in eighty large filter __ 
units was one which caused some concern and involved careful -— 
sideration of the method to be pursued, so that the operation would | 
be effectively and economically fulfilled. 

The old method of removal by screening was considered imprac- — 
tical, therefore, it was deemed advisable to construct or assemble a 
mechanical appliance capable of a wide range of operation, in a 
local sense. 

After a brief period of experimental work we procured two 350 _ 
r.p.m. portable electric drills, to each of which we assembled the 
following parts: one six foot length of ? inch steel shaft, one 10- 
inch right propeller and one 10-inch left propeller. The blades of the 


the end of the steel shaft. 
In preparation for treatment of the sand a portable platform was — 
placed over the wash water troughs which permitted the sand to be | 
treated in a ;', section of the bed without making further changes. — 
Prior to commencing the actual operation of sand treatment the 
wash water valve was partly opened and the sand driven into sus- 


minimum. The shaft, with propeller blades attached, was ae : 
submerged to the required depth and the sand was subjected to = a 
vigorous agitation, created by the reverse action of the two propellers. 

The initial operations were carefully observed, inspections being 
made quite frequently, to make certain that there was no unusual © 
disturbance of the finer gravel. , 

The results obtained from this method of mud ball treatment fully 
justified its continuance until the contributory causes of mud ball 
formation had been eliminated. * 

The cost of sand treatment did not exceed $20.00 per bed, this — 
amount being inclusive of labor, wash water used and depreciation | 
of equipment. 

Mention having been made of the forming of mud balls in the filter 
beds it is important that an opinion be expressed as to the possible — 
cause of this undesirable condition. As formerly stated the original : 
depth of sand did not exceed 24 inches in each bed. With this 
depth of sand the distance from the level of the sand to the crest , 
of the wash water troughs was 36 inches. 
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After a short —— of operation it was found that the pentins of 

_ the sand was becoming heavily laden with very fine silt, which could 

be attributed to no other reason than the partial ineffectiveness of 

_ the wash water, occasioned by the unusual distance which the sur- 

face silt had to be raised before being discharged into the wash 
water troughs. 


 geraping off a light layer of surface sand at altogether too frequent 
intervals. 
oe In addition to the foregoing difficulties we developed an air con- 
“ dition in the filters which seriously interfered with their operation 
and was a primary factor in the development of “mud balls.”’ 
In the months of March and April, 1924, there was a decided 
falling off in filter service, due to the character of the water then 
being treated, the length of the filter runs being reduced to less 
than 4 hours, in many instances. The decrease in filter service 
periods was accompanied by a complete air binding of the filters, 
_ which, for a brief time, threatened to curtail the general supply of 
filtered water. 
- The most harmful effects of the air-binding were experienced in 
: oo the washing of the filters. It is our practice to crack the wash water 
sk ‘ee valve at the beginning of the wash and after the sand surface has 
broken evenly gradually bring the wash water to the desired rate. 
This method of operation was useless when washing an air-bound 
filter, inasmuch as it was required to open the wash water valve 
two or three points before air displacement became effective. Not- 
withstanding the practice of every precaution there were violent 
: sand eruptions during the washing of the filters, which tended to 
thoroughly mix the surface silt with the general body of the sand. 
Close observations following the washing of the filters indicated 
ai that mud balls were the result of these abnormal conditions. 
2 At a later time it was determined that air-binding of the filters 
was a mechanical difficulty, which was overcome by making addi- 
tional pipe installations to prevent pocketing of air in the mercury 
_ wells and in the effluent pipe line when the filters were drained for 
washing. 
As a means of preventing the accumulation of silt on the sand 
surface, sufficient sand was applied to each bed to decrease the dis- 
_ tance from the surface of the sand to the crest of the wash water 
a. trough from 36 inches to 26 inches. Since the application of ad- 
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OPERATION OF DETROIT FILTRATION PLANT me 

During the past year the construction of a sewage pump ii pump- 
ing station was completed. This building houses an American Well 
Works vertical pump with a capacity of 13,000 gallons per minute. 
The pump is driven by a General Electric 75 H. P. motor. All 
sewer lines from the filtration plant, low lift pumping station and 
adjoining catch basins feed into the sewage sump, from which the - 
sewage is pumped into the Detroit River. ees 

The existing source of wash water supply is direct pumpage from He 
the water mains. The irregularity of pumpage, caused by the _ 
spasmodic filling of the water tanks during the washing of the Film 
made it almost impossible to maintain constant pressure in the 
water mains from which the filtration plant is drawing its supply of 
wash water. To provide against the difficulties of operation from 
this source, an independent supply of wash water is being arranged. 
Under the changed conditions the wash water will be pumped direct 
from the filtered water flume, into which the filters on No. 2 Gallery 
are discharging, thus eliminating the supply from the city main, 
with its attendent troubles. 

The installation of a vertical pump, with a capacity of 12,000 gal- 
lons per minute, is nearly completed. This pump will be driven by __ 
a 250 H. P., 585 r.p.m. General Electrie motor. When placed in © 
service the pump will furnish sufficient wash water to meet all con- 
ditions of filter operation. ; 

The complete personnel of the Detroit Filtration Plant consists — 
of the Chief Chemist and Superintendent, one Bacteriologist, four 
Junior Chemists, one laboratory assistant, one stenographer, one — 
filter foreman, eleven filter operators and eighteen utility men. One — 
Junior Chemist is on duty on each shift. s 

There are three filter operators on each shift of eight hours. 
These men work in rotating shifts of four weeks each. The operators 
are required to work forty-eight hours per week, provision being 
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WATER WORKS ACCOUNTING AND ) FINANCING? 


By Frep Buck? 


ae subject of financing and accounting may, upon first thought, 
seem rather out of place for one following engineering work, but it 
was doubtless brought about through my connection with the Public 
Utilities Commission of the State of Montana. The work brings me 
in close contact with the operation of all utilities, their annual reports, 
tariffs, etc., besides often being called upon to make physical valua- 
tions of plants for rate-making purposes. In order to make these 
valuations it usually becomes necessary to go into the book accounts 
and also to analyze the operating methods and management. 

The method of opening a set of books and classifying items to 
the proper accounts is an old story. This routine is well-established 
and can be procured in book form from the Commission at Helena. 
Instead of attacking the subject from this angle, I am going to dwell 
upon the fact that the manager of the utility must be familiar with 
both the operating and the accounting in order to make a success of 
the business. To most of you who are operating the larger plants, 
you will say, “Of course, anyone knows that is true.”” While this 
should be the case, our experience reveals the fact that a large per 
cent of the plants is taken care of by two heads, one that looks after 
the accounting and the other taking care of the physical part of the 
system. These two departments usually operate independently of 
each other and neither is versed in the other side of the question. 

With municipally owned plants this is almost universally the case; 
the city clerk looks after collections, accounting, etc., while a manager 
looks after the physical plant. The work of the two branches is not 
correlated and neither department is posted upon the details of the 
work of the other. 

In order to show you the necessity for this codperation, let us turn 
to the diagrammatical analysis of the balance sheet in figure 1 and 
see how the management of the plant weaves itself into the various : 


_ 14Presented before the Montana Section meeting, April 17, 1926. 


J 
al 
: 


items that go to make up operating revenues and operating expenses. 
The chart follows closely the balance sheet as submitted to us by the 
utilities in their annual reports. 

If the utility is a privately owned one, the top item, or “net in- 
come,”’ reflects the final result of management, while the “sinking 
fund and interest’’ account tells the whole story for a municipally 
owned plant. Either of these items is derived from the “gross 
income” which in turn is the differential between the “operating 
revenues” and the “operating expenses.” 

The manager’s interest lies in trying to build up the income side 
of the chart and at the same time keeping down the operating ex- 
penses. Naturally, the first impression of the thing we think of in 
this connection is to raise the rates for service and be niggardly in 
expenditures, but efficient management will accomplish as much 
financially and at the same time retain the good will of the public. 

The items that make up the revenues are derived from municipal, 
industrial, commercial and miscellaneous sources. In the first 
instance, the utility is entitled to revenue from fire plug rentals and 
the sprinkling of parks and sprinkling and flushing streets. Often 
with municipally owned plants no charge is made for these services 
and therefore the burden of maintaining such services falls upon the 
revenue customers. 

We often find that one of the greatest sources of loss comes from 
the industrial and commercial revenues. The utility may be com- 
pletely metered, or operating entirely on flat rates or have both 
metered and unmetered services. We know that in most instances 
the per capita consumption decreases as the percentage of metered 
services increases. It therefore follows that if we do not keep the 
percentage of metered services abreast of the city’s growth, there are 
going to be losses in revenue as well as increased maintenence costs 
due to a greater consumption of water. 

Where flat rates are in vogue, it is essential to have the correct 
classification of outlets for each customer, for otherwise a utility 
may lose considerable revenue on account of underbilling the cus- 
tomer. The general run of customers are sufficiently versed in water 
tariffs to know whether their monthly bills are correct or not and will 
seldom hesitate to enter a protest where an overcharge has been 
made, but usually are reluctant to speak up in the case of an under- 
charge. Consequently the utility, through its manager, must care- 
fully guard this source of revenue and sens for the amounts that are 
justly due. 
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time ago, when a municipally owned plant in a small town was con- 


WATER WORKS ACCOUNTING AND FINANCING 
A good example of such a case was called to our attention a short 


tinually losing money and falling short of the sinking fund and land 
requirements. A citizens’ committee took the case in hand and dis- 
covered that a good many discriminations were being practiced and 
in many instances new outlets, such as faucets, bath tubs, wash 
basins, etc., had been added to the premises since the water depart- 
ment’s last survey made several years previous, for which no charge 
was being made, as the records did not show the added improvements. 
The survey and revision of the records resulted in sufficient increased 
revenues to bring the sinking fund requirement up to normal without 
increasing the approved tariff. This case was an outstanding 
example of where the accounting and management were under 
separate heads and the work of the two not codrdinated. The 
segregation resulted in a loss of revenues to the utility. 

Customers living outside the city limits should expect to pay 
higher rates to municipally owned systems as their property is exempt 
from special taxes levied for the purpose of retiring water bond issues. 
On several occasions we have found no segregation of rates between 
in- and out-of-town users. 

Miscellaneous revenues may be derived from many sources as the 
sale of merchandise, profit on making house connections, rents from 
land, buildings, etc., interest on invested funds, or dividends from 
stocks, etc. Such sources of revenue may be extended or increased 
after a careful analysis by the manager. 

The above discussion of the items of revenue are called to your 
attention, not merely to show how the revenues may be increased, 
but primarily to impress upon you how essential it is for the manager 
of a water works plant to keep in mind the financial outcome as well 
as the efficient management of the physical plant itself. 

The ultimate goal of the manager in making a study of the other 
half of figure 1, is to endeavor to cut down the operating expense to 
a minimum without impairing the efficiency of his plant. Such ex- 
penses are usually classified as the costs of pumping, purification, 
distribution, commercial, general and unclassified costs, taxes and 
depreciation. 

If the system is a pumping plant, a saving, and often times a big 
saving, can be effected by changing to a more economical fuel, by 
replacing antiquated engines for more efficient types, or, if electricity 
is purchased on the peak load system, by balancing the load as much 
as possible and thereby reducing the peak. so 
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Under the cost of distribution we note the item “‘be accommodat- 
ing, avoid kicks and rate hearings.” There is perhaps no one thing 
that will militate against the success of a utility as a dissatisfied 
public, brought about by unaccommodating officials and discriminat- 
ing or excessive rates. Once the mind of the general public is 
noisoned against the utility, it takes a long time toliveit down. Rate 
hearings and complaints of service cost money and usually in the end 
the utility is forced to make revisions. Such extra costs can often 
be eliminated through proper management. 

We had one case called to our attention for investigation where 
the manager was a very disagreeable fellow and very discourteous to 
the public. The whole town was up in arms against the company 
until they complained of the rates, the service, and in fact everything 
connected with the operation of the company. This condition 
resulted in a rate hearing, a sharp reduction in their tariff and a 
change in management, but did not immediately wipe out the bitter 
feeling toward the utility. All of this could have been avoided in the 
first instance by the proper management. These things in turn are 
reflected in the yearly balance sheet. 

The heading of “‘collections’’ calls to mind another case where the 
manager’s son officiated as meter reader and collector at a good 
salary. His duties occupied about six or eight days per month and 
the balance of the time he was idle, but his salary continued. Similar 
cases are often fruitful sources wherein operating expenses can be 
reduced. 

I am not going to attempt to discuss each heading, but will touch 
for a moment the subject ‘‘taxes,”’ the inevitable expense. In build- 
ing new structures, or appurtenances to the system where a choice 
of location is not material from an engineering standpoint, care 
should be taken to choose property having the lowest assessed valua- 
tion. Also it will often pay to junk or discard entirely old machinery 
and useless property in order to get away from paying taxes on the 
same. We have noted about us recently in several instances, the 
railway companies taking up non-paying branch lines in order to 
eliminate the taxes and this principle applies to water utilities as well 
as railroads. 

Not long ago I had an occasion to make a physical valuation of a 
plant which was valued by the company at $300,000. It developed 
that about one-sixth of this was made up of machinery, buildings and 
property no longer in use or of no value whatever to the company, 
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so far as the utility was concerned. Still they are paying taxes on 
this dead property and charging the same into operating expense. 

In this connection it is interesting to note that privately owned 
water plants in the state, valued at over $9,500,000 pay a total prop- 
erty tax of $91,420. The municipally owned plants are valued at 
$8,600,000 and pay no tax. 

In the matter of “depreciation,” we had an interesting case come 
to our attention recently when the city clerk filed his annual report 
showing operating revenues of $3000 and a gross deficit of $8800. 
Examination showed that he had charged off 20 per cent of the value 
of the plant for depreciation, and stated in a footnote that the system 
was getting old and it was discovered they were not reserving a suffi- 
cient fund for depreciation. In place of revising their depreciation 
charge and spreading it over several years, he had charged it all off 
during the one year and came out sadly in the red. 

We find in a good many cases that the system is not provided witha 
master meter and consequently there are no data on the consumption. 
Without such a meter, a knowledge of the items of pumping and dis- 
tribution cannot be had which in turn may be reflected seriously in 
operating expense. 

If a plant manager will set up a financial chart similar in general 
character to this one, but fitted to his local conditions, and then 
compare the final results, year after year, it will be of great value to 
him in more efficiently handling the system. Such a plan can, at 
least, do no harm and will be far better than the haphazard methods 


_ usually found in practice. 


Before coming to a close, I thought you might be interested in 
learning something of the water works plants in the State of Montana. 
Altogether there are 107 that are classed as public utilities and report 
to us as such; 73 of these are municipally owned, and 34 are private 
companies. The total investment represents $18,200,000, 47 per 
cent of which are city plant investments and 53 per cent company 
plants. The indebtedness of city owned plants, approximately 
$5,000,000, represents 583 per cent of their total investment. The 
gross profits, as earned last year, would pay 6 per cent interest on 
this indebtedness and retire the total bonds in forty-three years, 
providing nonejwere retired in the meantime and the sinking fund 
drew no interest. Last year the municipally owned plants showed a 
ratio of gross profits to investment of 4.85 per cent, while the ratio 
for private plants was 3.0 per cent. This ratio reflects a more 
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healthy financial condition in municipally owned plants than in 
privately owned, but on the other hand they are exempt from all 

forms of taxes which would account for a part of the difference in the 

two percentages. 

The above figures are somewhat foreign to my main topic, but — 
nevertheless are interesting facts as shown by a annual reports of 
the water works utilities in Montana. 
As stated in the beginning, the object of this duc was not to 

tell you which accounts should be debited or credited with items of 

expense or money collected, nor how to establish a set of book ac- z 

counts, as the title of my talk might suggest; but to impress upon you q 

how essential it is for the manager of a plant to be familiar and have at 

his finger tips, knowledge of both the financial and physical operations 

in order to correlate the two and thus end the year with a creditable 

balance sheet. Those who grope in the dark without having some 

sort of plan to follow, never progress very far in their undertakings. 
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UNITED STATES PUBLIC HEALTH SERVICE AND 


MUNICIPAL WATER SUPPLIES! 
By Isapor W. MENDELSOHN? 


On February 15, 1893, Congress approved an act entitled: “An pz 
act granting additional quarantine powers and imposing additional 
duties upon the Marine Hospital Service,’”’ which provides, in part, 
in section 3 that the Secretary of the Treasury shall, if in his judg- 
ment it is necessary and proper, make such additional rules and regu- 
lations supplementary to State and Municipal regulations as are 
necessary to prevent the introduction of contagious and infectious 
diseases into the United States from foreign countries, or into one 
State or Territory or the District of Columbia from another State 
or Territory or the District of Columbia. The spread of disease 
through water supplies was, and is, considered of great public health 
importance. Accordingly, based upon this, and subsequent acts, the 
revised Interstate Quarantine Regulations of the United States 
were promulgated on May 3, 1921, containing section 18 stating 
“water provided by any person, firm, company, or corporation for 
drinking or culinary purposes on any car, vessel or other conveyance 
while engaged in interstate traffic shall be from a source which is 
approved by the Surgeon General of the United States Public Health 
Service as producing water of satisfactory sanitary quality and 
safety.” 

To enforce this regulation, a certification procedure was evolved 
which has been modified from time to time. The present certifica- 
tion procedure was established in 1917-18, and is based upon the prin- 
ciple that in each state the State Department of Health as the regu- 
| larly constituted authority is responsible for the sanitary quality and 


safety of the public water supplies. The procedure was approved 
by the Conference of State Sanitary Engineers and the Conference 
of State and Territorial Health Officers and was then established by 


1 Presented before the Rocky Mountain Section, February 23, 1926. 
2 * Associate Sanitary Engineer, United States Public Health Service, 
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By this procedure water 

supplies in a state used for drinking and culinary purposes on com- 
mon carriers operating interstate are surveyed annually by compe- 
tent personnel of the State Department of Health and chemical 


i ment. The character of the sanitary survey and the analyses are 
get forth in Drinking Water Standards, which were approved by 
_ the two conferences of state health authorities mentioned as well as 
associations concerned with the supply of drinking water, promul- 
; 3 gated by the Secretary of the Treasury on June 20, 1925, and ad- 
ministered by the United States Public Health Service. From the 
data collected, the State Health Officer recommends to the Surgeon 
- General of the United States Public Health Service approval or 
_ disapproval of the use of the water supplies, and the Surgeon General 
oe - earries these recommendations out in accordance with the procedure 
ee _ agreed upon. In this manner one uniform policy regarding all of 
Be S. these waters is administered in all of the 48 states of this nation with 
ee a maximum use of regularly constituted local authorities at minimum 
expense. 
--——s«SJn each State Department of Health, the water supply work is 

he ‘Ng carried out by a Division of Sanitary Engineering. When such a 
division is not established or where personnel are not available to 
carry out the work, it is the policy of the United States Public 
- Health Service to assist the State Department of Health in obtain- 
ing such a division through the temporary loan of sanitary engineers 
and through the appointment of collaborating sanitary engineers 
in state departments of health at nominal salaries with travel ex- 
pense funds. Largely through such efforts, sanitary engineering 
_ divisions have been established in fourteen state health departments 
since 1918; and about thirty states, with limited funds, are being 
assisted. 

In Colorado, sanitary engineers of the United States Public Health 
Service have been loaned to the State Board of Health for short 
periods since 1922. This assistance was instrumental in bringing 
Dana E. Kepner, the present state sanitary engineer, to the Board 
in the summer of 1924. His fine work has resulted in the estab- 
lishment of a sanitary engineering division in the State Board of 


_ §Drinking Water Standards. Reprint No. 1029. Public Health Reports, 
April 10, 1925. 
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Health in 1925 and in the improvement of public water supplies, 
sewerage systems and other sanitary works in the state. 

In New Mexico, the creation of a division of sanitary engineering 
in the State Bureau of Public Health was brought about in 1919 
largely through the efforts of the United States Public Health Ser- 
vice. Since then capable state sanitary engineers have been em- 
ployed, the present engineer being Paul 8. Fox. 

Wyoming has no division of sanitary engineering in the State 
Department of Public Health and Vital Statistics. As a result 
sanitary engineers of the United States Health Service have been 
loaned to the department at various times since 1921 to make sani- 
tary surveys of water supplies, sewerage systems, etc. 

As regards the present status of the certification procedure in 
the three states, table 1 shows that of the 81 water supplies used by 
the railroads for drinking and culinary purposes in interstate traffic, 


TABLE 1 


Data retarding certification of interstate carrier water supplies in Colorado, 
New Mexico and Wyoming, June 30, 1925 


WATER SUPPLY OWNERSHIP CERTIFIED 
STATE 


Public Private | Railroad Total Number | Per cent 


28 3 8 39 35 90 
New Mexico...... eee 10 0 15 25 24 96 
Wyoming....... vetiobebs 9 2 6 17 15 88 


74 or 91 per cent are certified, and 52 or 64 per cent are owned by 
public or private agencies, the remainder by the railroads. This 
record is a good one, especially since the large majority of the travel- 
lers on trains use the water from certified supplies. 

The Drinking Water Standards are intended for interstate carrier 
water supplies only, and:are not proposed for more general applica- 
tion. In actual practice, these standards will exert a great and 
a favorable influence upon the quality and purity of all water supplies 
in this nation. The standards were arrived at after two years of 
work by a committee of forty scientists and health officials represen- 
tative of every phase of the question and each section of the country. 
These standards are the most authoritative — judgment on 
this subject. é 
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They are published in full in the Manual of Water Works Practice. 
In conclusion it may be stated that ‘The general effect of the 
_ whole certification procedure and the strengthening of the position 
of the State sanitary engineering divisions which has resulted have 
; played no small part in contributing to the reductions of the typhoid 
fever rates during the past decade.’ 


4 Safeguarding the Sanitary Quality of Drinking and Culinary Water Sup- 
plied in Interstate Carriers. E. C. Sullivan, Asst. Sanitary Engineer, U. S. 
Public Health Service. Reprint No. 935, Public Health Reports, July 4, 
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REPORT OF SECTIONAL COMMITTEE oN MANHOLE 
FRAMES AND COVERS OF AMERICAN ENGINEER- es 
ING STANDARDS COMMITTEE! 


The following report will indicate, briefly, progress made to date : 
by the Sectional Committee on Manhole Frames and Covers of the ae 
American Engineering Standards Committee. 

_ The Sectional Committee organized October 27, 1925 with L. B. 
Fish of the American Telephone and Telegraph Co., Chairman, and 
C. H. Shaw of the New York Edison Company, Secretary. 

A sub-committee has been appointed on Manhole Frames and 
Covers for Sewer, Water, Gas, Steam and Air with W. W. Brush, a 
member of this Association, as Chairman. 

A survey of the situation shows that there are now in use a great 
variety of manhole castings, some of which are doubtless inadequate 
in design and others too heavy. This results in waste of metal, 
losses due to breakage, added cost of duplication of patterns, delays 
in manufacture and increase labor costs. 

It would appear, therefore, that there is ample opportunity for this 
Committee to assist in developing suitable standards for manhole 
frames and covers and thereby eliminate some of the waste and 
unnecessary expense now incurred. 


Representative of the American Water 
; Works Association. 
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as: ‘HISTORY OF Dl DUBUQUE’ 31 WATER PLANT! 


sabi. By J. W. McEvoy? 


* Overlooking a perfect landscape of the scenic Mississippi River, 
a the city of Dubuque was founded in the year 1833. It was not in- 
oa corporated, however, until eight years later. Mining was the chief 

“ iy industry for niany years, and was carried on under great difficulties 
due to the powerful strata of water which covered the large beds of 
ore that were found. As the years progressed many different 
| methods of excavating the ore were employed. Among them, a 

- eompany headed by Silah Chamberlain and N. W. Kimball was 
organized for the purpose of blasting a tunnel under a large hill, 
between what is now known as Kaufman Ave. and West Dubuque, 
to drain that territory. 

Their plans were that by blasting this tunnel below the level of the 
standing water they could lower the water head, thus causing the 
water to flow through this tunnel into a ravine at a lower level. By 
this method they could excavate the lead without being hampered 
_ by the water that stood at a higher level. 

This was a mistaken idea, however, for in carrying out their plans, 
_ they not only failed to lower the water head, but they also tapped a 
-_- water vein which flow approximately 400,000 gallons per day, thus 
forming an uncontrollable body of water. This waste of water 
_. continued for more than two years before this same company con- 
ceived the idea of converting this tremendous loss of water into a 


under the name of the Dubuque Water Company, reserving the right 
to purchase this plant at the expiration of twenty years. This 
franchise required them to furnish water by means of gravity pressure 
until an increase in consumption called for pumping equipment. 

_ In the year 1880 the demand for water supply increased to the 
» hill districts which gravity pressure failed to reach. An arrangement 


1 Presented before the Iowa Section meeting, December 4, 1925. ee 
2 Superintendent, Works, Dubuque, Iowa. 
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a water worl hey then petitioned the city council for a franchise 
- 
ee and on December 16, 1870, W. J. Knight, as mayor, signed an or- 
meee dinance giving this company a franchise to operate a water works 
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was then made with the owners of the old Lormier Hotel, located on 
Bluff and Eighth Streets, to install a small pump in their basement. A 
large wooden tank was then constructed at Julien and Wilson Avenue 
to hold the water thus pumped, and to serve the hill district and those 
below that elevation with an adequate water supply. 

In 1888 a pumping station was built at the foot of 8th Street and a 
400,000 gallon standpipe was erected on Delhi Street in 1889, in 
order to supply water to property at a higher elevation than the old 
wooden tank could furnish. This supply was taken from an artesian 
well that had been drilled at that pumping station. 

One year later it was found necessary to use pumping equipment in 
place of gravity pressure throughout the main part of the city. A 
new pumping station was erected at Eagle Point and equipped with 
two 2,000,000 gallon steam pumps and two 100 H.P. power boilers. 

This station was first supplied from a group of driven wells 2 inches 
in diameter driven in the sand, but was found to be a failure due to 
the wells filling with sand and corroding. A 16-inch line was then 
laid from the pumps to a cistern near the river bank and a 16-inch 
line from this cistern to the river. This cistern was used to take 
suction for the pumps, which pumped directly into the mains. ‘This 
plan was also found to be unreliable on account of the low stage of 
water in the river at certain times of the year, and the great objection 
to the quality of water being served. Then two artesian wells were 
drilled to a depth of about 1300 feet which was the main source of 
supply. This new improvement gave satisfactory service for only a 
few years, due to the fact that sanitary sewers had been extended 
throughout the main part of the city, and the consumption of water 
had increased to such an extent that a satisfactory supply was not 
available. These conditions brought about an agitation among the 
citizens who wished to purchase the water plant from the original 
company and make necessary improvements to meet the demand. 

This was the situation which existed when a local syndicate was 
formed about 1896 with the purpose of buying and improving the 
property. This syndicate did not effect the purchase until 1898, 
when they rebuilt Eagle Point Station by enlarging the building, 
adding a new 5 million gallon Holly steam pump, one new steam 
engine and generator, and one 125 H. P. boiler. In addition to this, 
they made extensive improvements in the extension of water mains. 

After the Eagle Point Pumping Station had been modernized they 
drew their attention to the other water works property. At the old 
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: water level, off of Keufmenn Avenue, a new pumping station was 
erected, which was connected with a 12-inch water main to Delhi 
— Street standpipe. This construction eliminated the need of the 
_ former Eighth Street Station, whose supply had been furnished by 
an artesian well which was fast failing to meet the rome 


A of editorials in the daily papers which brought matters to a crisis. 
‘ special election was called by the city council, giving the people 
the privilege of voting for municipal ownership. The result of the 
election was a large majority in favor of municipal ownership. 
After the special election had been held and the vote canvassed and 
approved by the city council they at once proceeded to purchase the 
water works by tendering an offer of $150,000 which was refused by 
the owners. They agreed to a plan, however, to settle the matter 
by arbitration. A board consisting of five members were accepted, 
two members being selected by the city, two by the water company 
and the fifth by the other four members. The price agreed upon by a 
majority of this board was to be accepted by both interested parties. 
After many sessions of this board, each side being represented by 
hydraulic engineers and attorneys, a price of $545,000 was agreed 
upon. This price included all property, buildings and equipment, 
and the completion of all work already under construction. On 
June 1, 1900 the holdings of the Dubuque Water Company were 
transferred to the City of Dubuque under the name of the Dubuque 
City Water Works, payments were made by a bond issue of $545,000 
which was redeemed by a two mill tax levy extending over a period of 
twenty years. 

A board of water works trustees were then appointed as managers. 
Very little improvements were made other than extension to water 
mains for the first seven years. This board resigned in 1907. A new 
board of trustees was then appointed. On taking charge they found 
a very limited water supply. This condition was improved by a 
number of 6-inch wells driven into the sand to an average depth of 
about 90 feet. This increase in supply with the two artesian wells 
already in use, gave a satisfactory supply until 1913, when the in- 
crease in consumption and decrease in supply from the sand wells 
caused another shortage. A large sand well 100 feet deep and 8 feet 
in diameter was then sunk with the thought of securing a supply 
of 3,000,000 gallons per day. On a careful test the yield was up to 
their expectation, but in a few years this well uno ane up with a 
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; ‘ta sand which held the water back from the pump to such an extent 


that it was pumping nearly as much sand as water, and was 
abandoned in 1918. Two additional artesian wells were then drilled 
to a depth of 1450 feet. In the mean time more 6-inch sand wells 
were driven making the source of supply 4 artesian and 21 sand wells 
at the low pressure station and the level tunnel supply for the high 
pressure station. The trustees, realizing the need for greater storage 
to meet every emergency, built in 1914 a 7} million gallon concrete 
reservoir on the hill near W. 3rd Street at an elevation of 230 feet, 
which increased the pressure throughout the city from 40 to 85 
pounds. It was never kept filled on account of an algae growth which 
formed in the water thus causing the reservoir to be drained and 
cleaned two or three times a month. This condition existed until 
1922 when the present city council had a cover placed over the top 
which eliminated all trouble from this growth, and made it possible 
to keep the reservoir filled to any stage desired. 

The trustees made many other improvements, such as installing a 
6,000,000 gallon Snow and 3,000,000 gallon centrifugal pump, and a 
300 K. W. turbine 350 H. P. water tube boiler at Eagle Point Station. 
They also built an addition to the level station and added one Prescott 
electric driven 2,000,000 gallon pump. They were unable, however, 
to keep step with the other city improvements, as their financial 
condition would not warrant the extending of mains, and the officers 
would not consent to any indebtedness to be carried by the 
water department. 

The office of trustees was abolished by a change in the form of 
government to the city manager plan. About that time the National 
Board of Fire Underwriters made a survey of the water works and 
recommended a number of improvements covering all branches of 
the departments. This meant the expenditure of a large amount 
of money. 

After a careful investigation by the city council and manager, 
the recommendations of the Fire Underwriters were approved. 


Engineers were employed and contracts were awarded for buildings 


and equipment. Work was started in 1923 and finished the beginning 
of 1925. $375,000in bonds were sold to cover the cost of the new 
improvements, including the covering of the W. 3rd Street Reservoir. 
The improvements consisted of a new fire proof pumping station at 
Eagle Point, electric driven 7,300,000 gallons centrifugal pump, two 
2500 cubic feet air compressor, venturi meter, one artesian well 
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4 1500 feet 30-inch line, and a new building 
at W. 3rd Street, two 3,000,000 gallon centrifugal pumps, venturi 
meter, and automatic electrical equipment. 
_ _In taking over the water works on June 1, 1900 the city found itself 
in possession of 44 miles of water mains, 340 fire hydrants, 549 gate 
valves and 1854 taps. During the first 20 years under management 
of a board of trustees, there were added to the distribution system 22 
miles of mains, 98 fire hydrants, 358 gate valves and 3615 meters. 
_ The system is now 994 per cent metered. Since 1920 up to the 
- present time under the city manager plan of government we have 
added 29 miles’ of mains, 243 fire hydrants, 690 valves and 3134 
meters, making our distribution system consist of: 


died Increase since 1920 
aint per cent 
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I submit herewith my report as Treasurer of the American Water 
Works Association for the calendar year 1925. 

The funds of the Association are on deposit with the United States 
Mortgage and Trust Company at their bank located at 55 Cedar 
Street, New York City. This bank was selected in 1921 by vote of 
the Executive Committee. 


RECEIPTS AND DISBURSEMENTS, JANUARY 1 THROUGH DECEMBER 31, 1925 a 


Receipts 
Balance on hand Jan. 1, 1925................ $6,522.59 
Received from 37 ,622.72 
Interest on investments..................... 810.00 
Cancellation of check No. 2143.............. 3.4 

2 Disbursements 


Expended in payment of vouchers aggregating 
399 in number and comprising vouchers i 
«1872 through 2312 both inclusive, except 
ar voucher 2139 for $5.10, the check for this 
stroyed by the payee; and voucher 
$8000, representing a transfer to the 
time account in the bank, as noted below. $40,822.80 in bee 
(Checks bearing the same numbers as the r 
we vouchers have been drawn, with the ex- 
2 4 ception of those vouchers which cover _ 
_ charges made by the bank on check col- | 
lections, and the amount of such vouchers _ 

is set forth below.) 
Exchange on checks as charged by the bank, 
including charge of $1.00 for December 
1925, for which a voucher was drawn in 


11.87 
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4 Deduction for five checks returned by the ae 
bank for various reasons................ 37.75 
Balance, January 1, $4,301.31 


In the above receipts and disbursements no entry is made of 
| ari ee 000 which was temporarily transferred to a time account of the 
sie United States Mortgage and Trust Company, and which was later 

again credited to the drawing account. This transfer was for the 
2 ; purpose of increasing the interest received for the money on deposit, 
ef es voucher No. 1951 covered the transfer of this money. 


Cash balance at close of business December 31, 1925, shown a 


by December statement of United States Mortgage and _ Ma 
Trust Company $5,104.34 
== this balance there anaes be. deducted for unreturned 


a 
Drawn in 1985: . 
q 
$4,301.31 2 
— 270 which 
— The receipt for interest on investments 
u e 4 
a al became due at various dates towards the end of 1924, } 
were not deposited until February 2, 1925. ~ oT 
receipted vouchers have been returned to the 
ganeelled checks and duplicate deposit slips, t by 
oi a treasurer, have been submitted to the auditor a 4 
4 


fund has not been changed the year and 
consists of the following bonds which are in a safe deposit box at the a 
United States Safe Deposit Company, 32 Liberty Street, New York tee. 
City. 


4—$1000 Dominion of Canada $4,000 
1—$1000 U. S. Liberty 2d, 43%.........cccccccccccccccccece 1,000 
2—$1000 U. S. Liberty 3d, 447% 2,000 
2—$1000 U. S. Liberty 4th, 2,000 

Interest on permanent fund...............ccccccccccccces $540 


The treasurer received no salary, and is under $10,000 bond, which 
has been placed by the Finance Committee. 


Wm. W. BrusH, 


ANNUAL REPORT OF THE THE TREASURER 01 OF THE 
ELECTROLYSIS FUND, 1925 

I submit herewith my report as Treasurer of the American Water 
Works Association, for the electrolysis fund, for the calendar year 
1925. 

The electrolysis fund is on deposit with the United States Mortgage 
and Trust Company at their bank located at 55 Cedar Street, 
New York City. 


RECEIPTS AND DISBURSEMENTS, JANUARY 1, 1925, THROUGH DECEMBER 31, 19925 


Receipts rt 
Balance on hand January 1, 1925....... $1,278.71 
Disbursements 


Payment to Albert F. Ganz, Inc. Check No. 20. $113.80 
Balance, January 1, $1,187.92 
This balance is the same as that shown by the bank notice in its 
December, 1925, statement. 
Ws. W. Brusu, 
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Walter H. Wan Winkle 
Died Julp 16, 1926 


st known and widely beloved figures in w: ater works 


a ee circles, Walter H. Van Winkle, has passed away. For many years 
his handling of the transportation details to our conventions and to 
those of our sister society, the New England Water Works Associa- 
ra tion, was so admirable that all of us who took advantage of his efforts 
oy ee been under personal obligations for his work in our behalf. 
In early life he was connected with the water works of Newark, 
N. J., where he was born on November 20, 1856. This early training 
in the practical affairs of water works administration gave him an 
appreciation of the problems of the superintendent and manager 
which stood him in good stead when he entered the water works 
supply business. 

He left the Newark Water Department to become associated with 
the A. P. Smith Manufacturing Company, and later joined the 
Neptune Meter Company. Finally he took part in the incorporation 

of the Water Works Equipment Company, of which he became pres- 
— ident and general manager. In these various business capacities 
he became widely known. His knowledge of water works affairs 
was coupled with a genial character and desire to be a real help, so 
far as lay in his power, to water works men. Smilingly, quietly and 
tactfully he helped to make smooth the way of many of us, in Associa- 
tion matters and in our personal affairs as water works men. This 
was recognized when he was elected President of the Water Works 
Manufacturers Association for a term, but probably few of us 
realized our indebtedness to him until we were shocked to learn of his 
death from apoplexy at his fishing camp at Belgrade Lake, Me., 
on July 16. 
His many friends made during his long connection with our Associa- 
tion join with its officers in expressing their sympathy with his widow, 
Mrs. Florence B. Van Winkle, and his son, Walter H. Van Winkle. 


ALLAN W. CupDDEBACK, 
President. 
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MEMBERSHIP LIST eee 


from time to time a list of additions to and iateaaaaiees from the 
membership of the Association. By this procedure the reader will al : 
have available a more timely list of members than was possible a Ag 
through the publication only once a year of a membership supple- __ 
ment. The names which follow are printed on perforated sheets 7 fi 
so that these sheets may be removed from the JouRNAL and added © et 
to the last Supplement issued. The Supplement will be published ie 
in the future every three to five years. . 
Prrenig, Chairman, 


for the Publication Committee. 


Louis P. ALLEN, Superintendent of Construction, Consolidated Water Com- 
pany, 712 Washington Street, Utica, N. Y. . 

A. L. ANpErson, Senior Civil Engineer, Construction Service, War Depart- 
ment, Falls Church, Va. i. 

Luioyp ARNOLD, 706 South Lincoln Street, Chicago, Ill. 

Earu J. Axg, Chemist, Bureau of Water, 915 E. Orange Street, Lancaster, Pa. 

Frep Baker, 312 Campbell Street, Evansville, Ind. ae 

E. L. Batuarp, Engineer, Underwriters Bureau of Middle and Southern 
States, 68 Beverly Road, Buffalo, N. Y. in AG 


H. W. Bannister, Feedwaters, Inc., 40 Rector St., New York, N. Y. ers he Ey 
HERBERT T. Barciay, Superintendent Water Works, Water Department, City = 
Hall, Kansas City, Kans. see 


C. M. BARDWELL, Assistant Water Engineer, Missouri-Kansas-Texas Railroad 
Company, 2609 Grim Street, Waco, Texas. fn! ig 

W. V. Barngs, Borough Engineer, Department of Water Supply, Gas and Elec- aa 
tricity, Borough Hall, Staten Island, N. Y. 7 

Cuas. L. Barua, Superintendent, Water Works, Box 536, Whitefish, Mont. 

Epwarp Harman Beavers, Superintendent, Appalachian Power Company, 
Welch, W. Va. 

W. P. Becxuam, Superintendent, Water Works, Albemarle, N. C. 

F. M. Besson, Manager, Luitwieler Pumping Engine Company, Los Angeles, 
Calif. 

C. D. BLaAcKWELpDER, Civil and Mechanical Engineer, J. E. Sirrine and Com- 

pany, Post 206, 8. C. 
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Hiram W. BuaispE.L, Filtration Engineer, Hotel Sylvania, Locust and Jun- 
iper Streets, Philadelphia, Pa. 

Jesse A. BiIveNn, Superintendent Eastern Division, Philadelphia Suburban 
Water Company, 708 E. Willow Grove Avenue, Chestnut Hill, Phila- 
delphia, Pa. 

Paut F. Bovarp, California Filter Company, Inc., 618 Merchants Exchange, 
San Francisco, Calif. 

H. 8. Bowers, Superintendent Filtration, R. F. D., Denbigh, Va. 

Earnest Boyce, Chief Engineer and Director, Division of Water and Sewage, 
State Board of Health, Lawrence, Kans. 

F. N. Braprorp, Manager, Glasgow Water Company, Glasgow, Ky. 

THomas Brooks, Superintendent Domestic Distribution, Water Department, 
2045 N. Catalina Street, Los Angeles, Calif. 

Fioyp G. Browne, Superintendent and Chemist of Sewage Treatment Works, 
513 Delaware Avenue, Marion, Ohio. 

Gero. C. Bruner, Mechanical Engineer, 724 Kentucky Avenue, Evansville, 
Ind. 

ALBERT MILLAR BucHANAN, Engineer, Gartshore-Thomson Pipe and Foundry 
Company, Ltd., Hamilton, Ontario, Canada. 

Epwarp Victor BucHaNan, General Manager, Public Utilities Commission, 
London, Ontario, Canada. 

Geroree H. Buck, Assistant Engineer, with S. Jr., Consulting 
Engineer, P. O. Box 605, Tampa, Fla. 

Rei B. Bupp, Assistant Superintendent, Trenton Water Department, City 
Hall, Trenton, N. J. 

Wo. C. Buett, General Manager, Millville Water Company, High Street, 
Millville, N. J. 

ALvIN BuaBes, Superintendent, Trenton Water Department, City Hall, Tren- 
ton, N. J. 

S. B. Buaues, Superintendent, Water Works, Reidsville, N. C. 

THomas CAMPBELL, Water Surveyor, Town Hall, Kearny, N. J. 

Lewis V. CaRPENTER, Assistant Professor Sanitary Engineering, West Vir- 
ginia University, Box 562, Morgantown, W. Va. 

H. Y. Carson, Research Engineer, American Cast Iron Pipe Company, Bir- 
mingham, Ala. 

Cuar.es C. Casap, City Engineer and Superintendent, Water Department, 
City Hall, Bremerton, Wash. 

H. R. Casz, Manager, Corona City Water Company, 707 Main Street, Corona, 
Calif. 

F. W. Cuapman, Superintendent, Camden Water Works, Camden, S. C. 

CHRISTOPHER T. CHENERY, President, Federal Water Service Corporation, 11 
Broadway, New York, N. Y. 

B. F. Cosurn, Superintendent, Water Works, Robersonville, N. C. 

G. J. Corrry, President, G. J. Coffey Co., 17th and Warren Streets, Wheeling, 
W. Va. 

F. E. Couturier, Superintendent, Municipal Water Works, 252 
Cookeville, Tenn. 

W. D. Cou.rns, Chemist, U. 8. Geological Survey, Washington, D. C. i 
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Tuomas J. Water and Light Gilbert, 
Minn. 

Ropney E. Coox, Assistant Sanitarian, State Department of Health, 70 
Lincoln Avenue, Rockville Center, N. Y. 

J. R. Cooks, Superintendent, Water Works, Franklinton, N. C. 

JamEs E. Curran, Superintendent, Water Bureau, 79 Linden Street, Yonkers, 
N. Y. 

FREEMAN A. Da.eEy, Superintendent, Municipal Water Department, Newport 
Beach, Calif. 

Ernest Howarp Daruine, M.E., Consulting Engineer, 21 Stanley Avenue, 
Hamilton, Ontario, Canada. 

F. Saturnino R. De Brito, Consulting Engineer, Caixa Postal 1631, Rio De 
Janeiro, Brazil. 

MANFREDI DE Horattis, R. Instituto Forestale, Firenze, Italy. a, 

R. L. Dersy, Sanitary Engineer, Salisbury, Bradshaw and Taylor, 743 Petro- . 
leum Securities Building, Los Angeles, Calif. me) 

Oxey H. Drevavuaan, Superintendent, Department of Water Works and Sewers, ae 
1440 Seventh Street, Parkersburg, W. Va. “e¥e 

Epmunp B. Devoy, Superintendent, Water Works and Sewer Department, 7 
The Ewa Plantation Company, Ewa, Hawaii. 

CuEsTteR R. Dewey, Vice-President, Consolidated Water Company, 518 
Seneca Street, Utica, N. Y. 

Jas I. Dixon, Superintendent, Water Department, 401 Benton Street, Santa 
Clara, Calif. 

Frep L. Dongs, Assistant Manager, Belvedere Water Corporation, 4163 
Whittier Boulevard, Los Angeles, Calif. a 

BERNHARD Domoaa..a, Chemist, University Club, 803 State Street, Madison, ~ 
Wisc. 

Oscar C. Draper, Water Commissioner, N.W. Corner 7th and Jackson Streets, 
Wilmington, Del. 

Louis V. Duang, Superintendent, Water Works, Sanford, Fla. 

F. G. Dynrxopr, Manager, Dyhrkopp Engineering Company, 2224 South 
Illinois Avenue, Carbondale, IIl. 

E. E. Easterpay, Assistant Division Engineer, Supply and Purifying Section, a 
Water Division, 4539 Arco Avenue, St. Louis, Mo. a 

CuaR.es R. Eastwoop, Sanitary Engineer, Wallace and Tiernan Company, 
Inc., 1214 Holston Bank Building, Knoxville, Tenn. ad 

Justus B. Eppy, Engineer, Water Pipe Extension, 404 City Hall, Chicago, Ill. 54a 

James T. Earinton, Superintendent, Cortland Water Department, 23 Court ‘= 
Street, Cortland, N. Y. 

Hersert C. Exuis, 201 Forest Avenue, Senior Draftsman, Detroit Water a 
Board, E., Detroit, Mich. 

R. R. Emparan, Manager, Sonoma Water and Irrigation Company, Sonoma, 
Calif. 


Enp, Civil Engineer, 360 Third Street, Troy, N. Y. 
RosBert A. ENSWBILER, Paintsville, Ky. 
Joun Ericson, City Engineer, 402 City Hall, Chicago, Ill. - 


J. H. FEWELL, Superintendent, Water Works, Jackson, Miss. 
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J.D. 7 Superintendent Water Works, Box 76, Zebulon, N. C. 

L. M. Fisner, Acting Chief Engineer, South Carolina State Board of Health, 
206 Palmetto Building, Columbia, S. C. 

MaktTIn E. FLENTJE, Superintendent of Filtration, City Water Department, 
Oklahoma City, Okla. 

C. W. Foutx, Professor of Analytical Chemistry, Ohio State University, 
Columbus, Ohio. 

Cuaries C. Fourz, Superintendent, Laporte Water Works, 212 Holcomb 
Street, La Porte, Ind. 

Sam D. Fraser, Superintendent, Carlsbad, Calif. 

Francis 8. Frret, Civil and Sanitary Engineer, c/o Albright and Mebus, 1502 
Locust Street, Philadelphia, Pa. - 

C. J. Garrney, Manager Meter Repairs, 299 Myrtle Avenue, Brooklyn, N. Y. 

Witu1am A. Gaaer, Bacteriologist and Chemist, Box 3855, St. Petersburg, 
Fla. 

Keyes C. Gaynor, Consulting Engineer, 527 Trimble Building, Sioux City, 
lowa. 

Maovrice Gerin, M.S., Sales Engineer, Canadian Fairbanks-Morse Company, 
Ltd., 84 Saint Antonia Street, Montreal, Quebec, Canada. 

H. H. Gerstein, 1919 W. Division Street, Chicago, Ill. 

Gustav GerRTsEN, Superintendent, Municipal Water Works, St. Helena, Napa 
County, Calif. 

Henry 8S. Greruicu, City Engineer, City Hall, Monrovia, Calif. 

R. L. Ginter, Chemist, Tulsa Water Dept., 312 Richards Bldg., Tulsa, Okla. 

W. F. Gost, 7 South First Street, Alhambra, Calif. 

E. W. GREEN, Purchasing Agent, San Jose Water Works, San Jose, Calif. 

C. A. Grernipes, Chief Engineer, J. G. White Management Corporation, 33 
Liberty Street, New York, N. Y. 

J. L. GREENLEE, Engineer, Assistant to Superintendent, Charlotte Water 
Works, Charlotte, N. C. 

Witiarp N. Greer, Research Chemist, Leeds & Northrup Company, 4901 
Stenton Avenue, Philadelphia, Pa. 

Guy E. Grirrtn, Assistant Research Engineer on Construction, Metcalf & 
Eddy, 211 Penobscot Street, Rumford, Me. 

Epwin M. Grime, Engineer of Water Service, Northern Pacific Railway, 
St. Paul, Minn. 

E. C. Gwiiurm, City Box 130, Sheridan, Wyo. 

C. E. Haars, 314 Luzerne St., Westmont, Johnstown, Pa. ; 

Rowanp B. Hatt, with nowt § Hall and Smith, Engineers and Contractors, 
139 Myrtle Street, Atlanta, Ga. 

Evcene A. Harp, Engineering Division, Water Works Park, Detroit, Mich. 

Frank D. Harcer, Chief Operator, City Filtration Plant, 1249 Eighth Street, 
Columbus, Ind. 

Tueopore Harcn, Assistant Sanitary Engineer, State Department of Public 
Health, Nashville, Tenn. 

Wituiam L. Havens, Associate, Geo. B. Gascoigne, 1149 Leader Building, 

Cleveland, Ohio. 


First Street, Ind. 


Be 
= 
= 
: See 
‘ 
3 ? 
Ss 
) 
{ 
) 
| 
> 
| 


Cuark T. Henprerson, Chairman Water Commission, 317 Chapin Lane, 
3urlingame, Calif. 

J. R. Hickox, Hydraulic Engineer, Chicago, Burlington and Quincy Railroad, 
Room 1501, Burlington Building, 547 W. Jackson Boulevard, Chicago, IIl. 

O. C. H11, Superintendent Water Works, Louisburg, N. C. 

Fioyp A. Horrman, Assistant Superintendent, Water Department, Box 413, 
Morristown, N. J. 

R. J. Houe, Vice-President, Lexington Water Company, Lexington, Ky. 

W. C. Hotman, Chief Engineer, Phelps Dodge Corporation, Dawson, N. Mex. 

J. A. Hoimes, Chief Chemist, Chicago Chemical Company, 6216 W. 66th Place, 
Chicago, IIl. 

Frank C. Hout, Superintendent, City Water and Light Works, 220 North Van 
Buren Street, Newton, III. 

Raupu A. Hoot, Superintendent, Filter Plant, Iron Mountain Water Depart- 
ment, Iron Mountain, Mich. 

Frep A. Hornina, Manager, Superior Electric Light and Water Works, 
Superior, Mont. 

Grorce C. Houser, Assistant Sanitary Engineer, c/o Metcalf & Eddy, 14 
Beacon Street, Boston, Mass. 

Wo. Howe .t, Superintendent Water Works, Marion, N. Y. 

A. M. Hupsarp, Superintendent, Municipal Water Department, Box Letter H, 
Troy, Montana. 

W. P. Huaues, City Engineer and Water Superintendent, City Hall, Lewiston, 
Idaho. 

Cuester C. Humpnureys, Superintendent Filtration, Tampa Water Works, 
Tampa, Fla. 

REGINALD T. Hurpwe, Superintendent of Water and City Engineering, Box 
546, Glendive, Mont. 

Grant R. Jack, Commissioner of Works, 787 Coswell Avenue, Toronto, Ont., 
Canada. 

Jos. ArTHUR JETTE, Assistant Superintendent, Montreal Water Works, 1509 
Darling Street, Montreal, P. Q., Canada. 

J. Sus Jounson, President, Visalia City Water Company, 208 E. Main Street, 
Visalia, Calif. 

H. A. JorGENSEN, Superintendent, Municipal Water Works, 385 Elm Avenue, 
San Bruno, San Mateo, Calif. 

Dana F. Kepner, Director, Division Sanitary Engineering, Colorado State 
Board of Health, 420 State Office Building, Denver, Colo. 

VALENTINE O. Kercuam, General Manager, Stamford Water Company, 41 
Summer Street, Stamford, Conn. 

Myron C. KinpEr, Commissioner of Water, City Building, Youngstown, 
Ohio. 

Harry C. Kirrrepee, Consulting Engineer, 805 Union Trust Building, > Ae 
Rochester, N. Y. 

G. WesBER KniGut, Manager, Natrona Water Company, Natrona, Pa. 

GeraLp W. Knicut, Consulting Sanitary Engineer, 147 Prospect Street, 

Passaic, N. J. 4 
Tueo. Lancrot, City Engineer, Hull, P. Q., Canada. 
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President, Direct Oxidation Process Company, N.W. 
17th and Lehigh Avenue, Philadelphia, Pa. 


Wilmington, N. C. 
Martin W. Lavutz, Civil Engineer, 64 Inwood Place, Buffalo, N. Y. 
Paut C. Laux, Chemical Representative, National Lime Association, 35 
South Monroe Avenue, Columbus, Ohio. 
Wittarp C. Lawrence, Superintendent, Filtration and Sewage Disposal, 
aA Baldwin Filters, Fairmount Road, Cleveland, Ohio. 
_ _Epwarp J. Lennon, Superintendent, Water Works Department, City Hall, 
haat Fort Wayne, Ind. 
if Peter Lenz, Superintendent, Water Department, Box 195, Wolf Point, Mon- 
tana. 
re, Ep. Linpers, Engineer of Design, Water Department, 601 City Hall, Cleve- 


James F. Loueuran, 74 John Street, Kingston, N.Y. 


_Newron B. Lyte, Assistant to Superintendent, Passaic Consolidated Water 
Ga 7 Company, 145 Prospect Street, Passaic, N. J. 
Frank A. Lyon, Chemist and Assistant Superintendent, Water Department, 
< 130 East Street, Oneonta, N. Y. 
Ss Z. McBripz, Secretary and General Manager, Vacaville Water & Power 
F Company, Vacaville, Calif. 
Bernarp J. McCarrery, M.E., Superintendent, Water Works, South Bend, 
Ind. 
R. McCrea, Biologist, Morehead City, N. C. 
WALTER McCuttou, Consulting Engineer, 406 Gluck Building, Niagara Falls, 
N.Y. 
_ Howarp McCurpy, City Engineer and Superintendent Water Works, 4305 
: Santa Fe Avenue, Los Angeles, Calif. 
M. McDonatp, Manager, Mountain States Power Company, Kalispell, 
Mont. 
- L. McLaveutin, Salesman, National Meter Company, 1127 York Street, 
Denver, Colo. 
RoBert L. McNameg, Principal Assistant Engineer, Hoad, Decker, Shoecraft 
and Drury, State Savings Bank Building, Ann Arbor, Mich. 
J. L. McNem, Superintendent Water Works, Lumberton, N. C. 
J. R. McWang, President, McWane Cast Iron Pipe Company, Birmingham, 
Ala. 
. E. MacDonatp, City Water Works Engineer, 21 Fourth Avenue, Ottawa, 
+ Can. 
F. G. Mackie, City Engineer, North Bay, Ontario, Canada. 
N. MacNicou, Township Engineer, Township of Etobicoke, Islington, P. Q., 
Canada. 
JAMES TALBOTT Mapison, Civil Engineer, P. O. Box 505, Mulberry, Fla. 
Joun C. Mass, Secretary, Department of Water Works, Evansville, Ind. 
Y. C. Mar, C.E., Pumping Station, Tamarind Street, West Palm Beach, Fla. 
JOHN ‘Superintendent, Municipal Water Works, 
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President, Martin and Heyn 744 National 
Bank Building, Omaha, Nebr. 

GrorGE B. Massey, Vice-President, Randolph Perkins Company, Consult- 
ing Engineers, Room 1444, 33 S. Clark Street, Chicago, IIl. 

W. Martuews, c/o Knoxville Water Department, Knoxville, Tenn. 

F. THeopore Mavis, 1326 Conway Building, Chicago, III. a 

STEPHEN C. May, 648 Lee Street, S.W., Atlanta, Ga. => 

A. M. Superintendent Water Works, Mebane, N.C. 

W. Ep. Mituan, Civil Engineer, P. O. Box 471, Mattoon, III. 

CHARLES F. 73 Vermont Street, Rochester, N. Y. 

Maovrice L. Mituer, City Hall, Waukegan, III. 

L. R. Mitts, Superintendent of Water and Light Commission, Scotland Neck, 
N.C. 

Jack Mour, Superintendent Water Department, 5494 S. Rugby Avenue, 
Huntington Park, Calif. 

Frank Morean, “The Waterworks Engineer,’ P. W. D., Lagos, 
Nigeria. 

ArTHuR B. Morri1t, Assistant Engineer of Filtration, Department of Water 
Supply, Waterworks Park, Detroit, Mich. 

Epwarp Morris, Vice-President and Manager, Central Mendocino County 
Power Company, Willets, Calif. 

Brn. S. Morrow, Engineer, Water Bureau, 211 City Hall, Portland, Ore. 

Davi C. Morrow, Engineer and Superintendent, Citizens Water Company, 
62 E. Wheeling Street, Washington, Pa. 

Howarp Scott Morsez, General Manager, Indianapolis Water Company, 
113 Monument Circle, Indianapolis, Ind. 

E. H. Moss, Filter Plant Operator, Weldon, N.C. 

Louis F. Movu.uet, Assistant Office Engineer, East Bay Water Company, 
2212 Blake Street, Berkeley, Calif. 

J. P. Newcoms, Secretary, City Water Board, San Antonio, Texas. 

FranK Newcomer, Senior Engineer, with Harry O. Garman, Consulting En- 
gineer, 27 Woodland Drive, Indianapolis, Ind. 

M. Starr Nicuots, Chemist and Bacteriologist, State Laboratory of Hygiene, 
Madison, Wisc. 

Joun F. Norton, Associate Professor of Bacteriology, University of Chicago, 
Chicago, IIl. 

Joun E. O’Leary, Pittsburgh-Des Moines Steel Company, 50 Church Street, 
New York, N. Y. 

W. M. Otson, Sanitary Engineer, 737 8. Lincoln Street, Chicago, Ill. te 

Henry Ortiz, City Manager, City Hall, St. Lambert, P. Q., Canada. hes 

James W. Orton, Engineering Office, Waterworks Park, Detroit, Mich. a 

Freperick L. Pakxes, Superintendent Water Works, Wayne, Mich. : 

Ray S. Parmer, Water Works Superintendent, Le Roy, N. Y. 

L. C. Parsons, Superintendent, Municipal Water and Light System, P. O. Box 
636, Kings Mountain, N. C. 

J. W. Peart, Engineer, Public Utilities Commission, London, Ontario, 
Canada. 

A. G. Perrson, Water Power and 

Ontario, Canada. 
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Calif. 
©. O. Petersen, Water Superintendent, City Hall, Brighton, Colo. 

Leo A. Puiturps, Chief Engineer, Federal Water Service Corporation, 11 

Free ae Broadway, New York, N. Y. 

Wave Piummer, Assistant Superintendent, Butte Water Company, Butte, 

: Mont. 

 Cuarues F. Por, Associate Professor Sanitary Chemistry, University of 
Colorado, Boulder, Colo. 

A. General Superintendent, Alabama Water Company, 1010 
American Trust Building, Birmingham, Ala. 

_Westey W. Pork, Superintendent Water Department, Sheridan Road and 
Lincoln Street, Evanston, Ill. 

8. J. Porter, District Manager, Wailes Dove-Hermiston Corporation, 410 
Matson Building, San Francisco, Calif. 

Joun C. Pritcuarp, Water Commissioner, 312 City Hall, St. Louis, Mo. 

Rupoupx Prosst, Superintendent, Butte Water Company, Butte, Mont. 

ey Davin P. Rawson, Superintendent of Maintenance, Bloomfield, N. J. 

PCnan. B: Ray, Hydraulic Engineer, Conservation Commission, Chapel Hill, 
N. C. 

O.S. Reipn, Superintendent, Water Works, San Jose, Calif. 

Myron B. Reyrnotps, Assistant City Engineer, 402 City Hall, Chicago, IIl. 

_ A. L. Ruoaps, Superintendent, Bluefield Water Works and Improvement Com- 
pany, 900 Princeton Avenue, Bluefield, W. Va. 

_W. J. Ricuarps, President, Philadelphia and Reading Coal and Iron Com- 
pany, 200 Mahantongo Street, P. O. Box 272, Pottsville, Pa. 


- Grov ER E. RickarpD, Chemist and Superintendent of Filtration, 1909 Warwood 
Avenue, Wheeling, W. Va. 
Cuas. R. Rixey, Assistant Superintendent, Norwich Water Works,7 Northrup 
: Avenue, Norwich, N. Y. 
_ J. R. Roacu, Mechanical Engineer, High Point Machine Works, Inc., 606 
ne E. Green Street, High Point, N. C. 
W. D. Rossins, City Manager, City Hall, Niagara Falls, N. Y. 
OrvVILLE Rotrson, Civil Engineer, Imperial Building, Walkerville, Ontario, 
5 Canada. 
Crcit B. Instructor in Engineering, Norristown, Pa. 
. D. Sapte, Vice-President, McWane Cast Iron Pipe Company, Birmingham, 
Ala. 


Box 504, Hendersonville, N. C. 
T. Scuanrz, Superintendent, Highland Water Works Company, Highland, 
N. Y. 


pany, 624 Park Avenue, Weehawken, N. J. 
. Scumip, Jr., Junior Sanitary Engineer, 10856 Wabash Avenue, Chicago, 
Ill. 

Jos. M. Scumit, City Engineer and Water Works Superintendent, P. O. Box 
931, Mont. 
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— F. Scumitrt, Engineer of Distribution, Water Dense 1688 E. 
84th Street, Cleveland, Ohio. 

Cuas. O. Scuonert, Superintendent, Water Works, Hammond, Ind. 

R. C. Scuroeper, Superintendent, The Consolidated Water Supply Company, 
79 N. Main Street, Carbondale, Pa. 

Puitiep Scuuyter, Editor, “Western Construction News,’’ 24 California 
Street, San Francisco, Calif. 

Meyer SerkeEs, Assistant Engineer, Distribution Section, St. Louis Water 
Department, 312 City Hall, St. Louis, Mo. 

A. 8. SHarp, Manager and Secretary, Leadville Water Company, 719 Harrison 
Avenue, Leadville, Colo. 

J. R. SHEFFIELD, JR., Engineer, 408 Wynne-Cloughton Building, Atlanta, Ga. 

E. B. SHOWELL, JR., Depias- Rayon Company, Drawer B, Station B, — 
N. Y. 

CurisT1AN L. Sresert, District Engineer, Pennsylvania Department 
Health, City Hall, Meadville, Pa. 

M. T. StneuteTon, Civil Engineer, P. O. Box 1878, Atlanta, Ga. 

James E. Sxipmorp, Local Manager, Hydro Electric Power Commission, 
Cobourg, Ontario, Canada. 

Hervey J. SKINNER, President, Skinner, Sherman and Esselen, Inc., 276 
Street, Boston, Mass. 4 

Morais C., Suack, 53 Summit Avenue, Albany, N. Y. 

AuBeErt B. Smita, 34 East Grand Avenue, St. Louis, Mo. 

Frep C. Smits, Superintendent, Water Department, 957 E. 236th Street, 
Euclid, Ohio. 

W. CuestTer Situ, City Engineer, City Hall, Oshawa, Ontario, Canada. 

HerMaN W. Swipow, Assistant Engineer, State Board of Health, Richmond, ~ 
Va. 


James SnyDER, Superintendent, Water Department, 46 N. Main Street, Perry, < co 


GaBRIEL R. Sotomon, President, Solomon, Norcross & Keis, P.O. Box 1917, | 
Fort Lauderdale, Fla. 

Geo. R. Spaupina, Assistant Superintendent, Filtration and Sanitation, 
Hackensack Water Company, New Milford, N. J. 

J. R. Stepuenson, Superintendent, City Water Works, Elkhart, Ind. 

E. B. Stewart, Electrolysis Engineer, East Bay Water Company, P. O. Box 
458, Oakland, Calif. 

Eton P. Stewart, Engineer, Water Waste Survey, Bureau of Water, City 
Hall, Syracuse, N. Y. 

Orro F. Srompter, Superintendent, Langhorne Spring Water Company, 
Langhorne, Pa. 

Rosert 8. Tart, Superintendent of Water, 14 California Street, Santa Crus, 
Calif. 

Cuar.es W. Tarr, Chief Engineer, Belvedere Water Company, 4163 Whittier 
Boulevard, Los Angeles, Calif. - 

H. S. Tuane, Superintendent, Water Department, Missoula Public Service — 
Company, Missoula, Mont. 7 


Emery J. THERIAULT, Associate Chemist, United States Public Health Service, ae 
3rd.and Kilgour Streets, Cincinnati, Ohio. a. 
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_ M.L. Tuomas, Superintendent, Water Works, Gillette, Wyoming. 
Waurer V. D. Trepeman, Assistant Sanitarian, Division of Sanitation, State 
Department of Health, Elsmere, N. Y. 

Ggorce W. Travcer, Superintendent, Lindsay Strathmore Irrigation Dis- 

: trict, Box 57, Lindsay, Calif. 

O. Z. Tyter, Superintendent, Water Department, City Engineer Building, 

Jacksonville, Fla. 

A. Van Water Superintendent, Hugo, Colorado. 
Sam M. Van Cueave, Superintendent, City Water Works, City Hall, Marion, 
Ind. 

_ Wm. Turo. Van Doren, Water Survey Engineer, Bryant Street Pumping 
Station, Washington, D.C. — 

Jas. J. Versiuis, Consulting Engineer, 403 City Hall, Chicago, IIl. 

Hoyt C. Vicrn1, Superintendent, Venice Consumers Water Company, 440 
17th Street, Santa Monica, Calif. 

E. Voceisack, Consulting Engineer with Spooner & Merrill, 425 
Powers Theatre Building, Grand Rapids, Mich. 

Voscsix, C.E., Budapest IX, Ulloi ut 69, Hungary. 

_C. F. Waaner, Engineer, Oregon Insurance Rating Bureau, P. O. Box 745, 

Portland, Oregon. 

G. Wa.propr, Secretary Water Works, Room 3, City Hall, Fort 

Wayne, Ind. 

- Joz E. Warp, C.E., Montgomery & Ward, Consulting Civil Engineers, 545 

r Harvey-Snider Building, Wichita Falls, Texas. 

M. H. Warnecke, Superintendent, Water Works, 2168S. 10th Avenue, May- 
wood, 

_ De Ver C. Warner, 70 Linden Avenue, Bridgeport, Conn. 

q Evtswortu 8. Weep, Civil Engineer, Engineers’ Club, Harrisburg, Pa. 

_ Freperick H. Weep, Assistant Engineer with James H. Fuertes, Consulting, 
Sanitary and Hydraulic Engineer, Woolworth Building, 233 Broadway, 
New York, N. Y. 

_ J.N. Wetcna, Superintendent Water Works, Bryson City, N. C. 

‘4 Marvin WELLS, Superintendent Water Works, 1333 Washington Street, Des 

Plaines, Ill. 

Joun P. Wentwortn, Metcalf & Eddy, Consulting Engineers, 14 Beacon 

Street, Boston, Mass. 

af EDGAR Wuupass, District Sanitary Engineer, Texas State Board of Health, 

oc 601 W. 10th Street, Bonham, Texas. 

ae Guy H. Wuire, Superintendent, Water Plant, 2217 Gadsden Street, Colum- 

bia, 8. C. 

C. D. Wurrmrre, 5725 Grand Avenue, Kansas City, Mo. 

R. B. WruuraMs, Jr., General Manager, Syracuse Suburban Water Company, 
148 N. Warren Street, Syracuse, N. Y. 

W. Compton Assistant Engineer of Distribution, Water Department, 

Ee 16th and French Streets, Wilmington, Dela. 

Epaar KENNARD WILson, 54 Carolin Road, Upper Montclair, N. J. 
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Joun J. ‘ikea District Engineer, National Tube Company, 1020 First 
National Bank Building, Denver, Colo. 

Percy 8S. Witson, Chief Engineer, New Rochelle Water Company, 514 Main 
Street, New Rochelle, N. Y. 

Howe. Wriaat, Director of Public Utilities, 204 City Hall, Cleveland, Ohio. 

R. Gorpon YaAx ey, Superintendent to Water Commissioners, Waterford, 
N. Y. 

JosEPH D. Yoprr, Water Purification Engineer, Cochrane Corporation, 17th 
Street, below Allegheny Avenue, Philadelphia, Pa. 

C. G. Youna, President, C. G. Young Company, Inc., Consulting Engineers, 

63 Wall Street, New York, N. Y. 


CORPORATE MEMBERS 


ALABAMA Powrer:Company. Howard Duryea, Assistant to General Manager, 
Birmingham, Ala. 

REGULATORY DEPARTMENT. R. O. Baird, Box 653, Bismarck, N. Dak. 

Canon City, Cotorapo. Alfred W. Stedman, Water Superintendent and 
Plumbing Inspector, City Hall. 

CotumsBus, DELAWARE AND Marion Company. 119 N. State 
Street, Marion, Ohio. 

EmporiuM WaTER Company. Emporium, Pa. 

Boarp or WATER Commissioners. 509 Harrison Street, Flint, Mich. 

Tue Ciry or Fort Couuins. Colorado. 

Granp Junction, Cotorapo. H. E. Rowbotham, Chief, Department of 
Public Works. 

City or GREELEY, CoLtorapo. M. Seaman, Water Superintendent. 

PowER AND Licut CorpPoraTION. 231 S. La Salle Street, Chi- 
cago, 

Inp1ana StaTE Boarp or Heattu. Water and Sewage Department, Lewis 
8. Finch, Director, Indianapolis, Ind. 

Jounson City Water Department. Arthur J. Merrill, Superintendent, 
Johnson City, N. Y. 

Tue City or La Junta. Colorado. 

THE City oF Lovetanp. Colorado. 

MonicipaL Water Works. City Hall, Madeira, Calif. 

Water Works Department. Public Utilities Commission, Merritton, 
Ontario, Canada. 

MonicipaL WaTER Company OF ILuINoIs. C. B. Shapker, President, 134 8S. 
La Salle Street, Chicago, Ill. 

bE AcuEpuctosy. Alcantarillado, Secretaria de Obras Publicas, 
Havana, Cuba. 

Water DEPARTMENT. Riverside, Calif. 

Water Department. City Hall, Santa Monica, Calif. 3 

South Park Water Company. 208 E. 96th Street, Los Angeles, Calif. Sh 

SwEETWATER WaTER Company. National City, Calif. nf 

Sumpwams Water Works Company. J. C. Robbins, President, Babylon, 
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Atuminate Sates Corporation. Union Stock Yards, Ill. 


Barser-Greene Company. Aurora, IIl. 
Bunker Hitt Smevrer anv N. W. Leap Company. F. A. Hammersmith, 
District Sales Manager, 1018 Crocker Building, San Francisco, Calif. 


App1nG Macuine Company. A. 8S. ‘i'rew, Public Utilities Sale, 


Second Boulevard, Detroit, Mich. 
a Crane Company. A. M. Houser, Engineer of Product, 836 S. Michigan — 
Avenue, Chicago, IIl. 
‘Tae E.ectric Weipinc Company or America. Geo. 8. Levine, 744 Court 
Street, Brooklyn, N. Y. 
oe Ts Farrpanks Company. 416 Broome Street, New York, N. Y. 
_ Guencor Lime anp Cement Company. 915 Olive Street, St. Louis, Mo. 


Grirrin Founpry anp ManuracturinG Company. M. N. Griffin, President, 


Rome, Ga. 
Tue Frep W. Hangs Company. Fred W. Hanks, Manager, 10624 St. Clair 
Avenue, Cleveland, Ohio. ; 
HENDRIE AND BoLtTHorF MANUFACTURING AND SuppLy Company. James §, 
§mith, 1635 Seventeenth Street, Denver, Colo. 
Frank J. Kimpatt Company. 1860 15th Street, Los Angeles, Calif. 
‘Tae La Morte Cuemicat Propucts Company. McCormick Building, Balti- 
more, Md. 
James McNett anv Broruers Company. 29th Street and A. V. R.R., Pitts- 
burgh, Pa. 
Tue On1o Dritiinc Company. Thos. O. Poe, Massillon, Ohio. 
OxWELp ACETYLENE Company. 1050 Mission Street, San Francisco, Calif. 
Tue Parsons Company. Newton, lowa. 
Penstock Construction Company. F. M. Strecker, President, Sharon, Pa. | 
JosePH G. Potuarp Company, Inc. 142 Raymond Street, Brooklyn, N. Y. 
Raymonp Equipment Company. P. O. Box 1613, 1017 Piedmont Road, 
Charleston, W. Va. | 
Rex Tapping Macuine Company. L. M. Biddle, 919 Sonoma Street, Vallejo, | 
Calif. 
GeorceE J. Roperts Company. John C. Jamieson, Dayton, Ohio. 
THE SANITATION CoRPORATION. 165 Broadway, New York, N. Y. 
Cuemicat Company, INc. George W. Scobell, President, Rockwood 
Place, Rochester, N. Y. 
R. W. Sparuinc. Manufacturer of Water Measuring Equipment, 945 North 
Main Street, Los Angeles, Calif. 
Sree, TANK AND Pipe Company oF CauirorniA. 1100 Fourth Street; Berke- 
ley, Calif. 
STERLING Pump Works, Inc. 6468. California Street, Stockton, Calif. 
Superior Stee, Pirz Company. Greensburg, Pa. 
Tatspot Non-Corrostve Lintnas Company. Theron I. Crane, Vice-Presi- 
dent, 1114 Widener Building, Philadelphia, Pa. 
Unitep Castine Company. 824 Wilson Street, Los Angeles, Calif. 
VicTauLic CoMPpANY OF AMERICA. 26 Broadway, New York, N. Y. 
VIRGINIA MAcHINE AND WELL Company, INc. Chas. F. Cole, President, 1319 
E. Main Street, Richmond, Va. 
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ABSTRACTS OF WATER WORKS LITERATURE 


FRANK HANNAN 


Key: American Journal of Public Health, 12: 1, 16, January, 1922. The 
figure 12 refers to the volume, 1 to the number of the i issue, and 16 to the _ . 
of the Journal. 


Pressure Water Filter. Chem. & Met. Eng., 33: 5, 310, May, 1926. A 
new design filter has been brought out by the Cochrane Corp. Strainer heads 
and collecting manifolds are eliminated. Imbedded in the gravel is inverted 
open cone; water is withdrawn through pipe at apex. Velocity of water — 
through the gravel is higher than through sand bed, and in backwashing all 
materials are lifted. Should it be desired to remove the filtering material, ee 
as is sometimes necessary when filtering greasy water, sand and gravel can be 
dropped out by opening a gate at bottom of filter —John R. Baylis. 


Preventing Corrosion with Protective Coatings. Tuomas W. Hinp. Chem. 2». 
& Met. Eng., 33: 5, 306, May, 1926. Coatings with a bitumen base have given e ie 
good results against corrosion by water, electrolysis, acids, and alkalies— 
John R. Baylis. te 


Testing Corrosion of Iron. T. Fustuara. Chem. & Met. Eng., 33: 6, 2 Mf 
346, June, 1926. The author claims to have discovered a corrosive mixture 
in which various kinds of iron can be differentiated in respect to their purity. oO 
Mixture consists of equal parts of distilled water and ethyl alcohol.—John _ 
R. Baylis. 
Economics of the Chlorine Industry. D. A. Prircuarp. Chem. & Met. 2s 
Eng., 33: 6, 350-3, June, 1926. Electrolytic caustic soda and caustic potash, 
in so far as chlorine industry is concerned, are incident to manufacture of —_ 
chlorine. Author concludes that local production of chlorine is impractical bt J 
The cells are a delicate mechanism and require expert chemical andmechanical 
supervision. Production must be continuous. About 65 per cent of chlorine 3 
gas manufactured in United States and Canada is consumed by paper indus- ss 
try; 22 per cent in textile industries; 10 per cent in sanitation; and re- | 
maining 3 per cent in all other uses. Chlorine is used in over 6,000 cities in 
North America for chlorination of drinking water, sewage, bathing beaches, 
swimming pools and garbage odors, and for other sanitary purposes.—J ohn 
R. Baylis. 


Indurating Wood with Sulphur. W.H. Kosse. Chem. & Met. Eng., 33: 
6, 354-6, June, 1926. Absorption of molten brimstone preserves wood, har- rig 
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dens and strengthens it, and gives it acid-resisting properties.—John R. 
Baylis. 


Corrosion Theories and Facts. P. D. Scuenck. Chem. & Met. Eng., 
33: 6, 357, June, 1926. The confusion resulting from publication of tests 
made under widely varying conditions makes it difficult for engineer to arrive 
at decision as to most suitable material for a specific purpose. Value of an 
alloy cannot be determined by laboratory tests unless these are so designed 
as to duplicate service conditions. Occasionally a very minute percentage 
of some element will greatly affect corrosion rate. In many instances, sim- 
plest and most satisfactory method of determining proper metal to use is to 
place either a sample or a small piece of apparatus in an actually operating 
plant under service conditions. Electrolytic action between dissimilar metals 
frequently increases rate of corrosion.—John R. Baylis. 


Low Temperature Carbonization and Steam Generation. Abstract from a 
paper by Davip Brownurzr. Chem. & Met. Eng., 33: 6, 360-1, June, 1926. 
It is not good practice to fire a builer with coal containing considerable mois- 
ture. Every pound of water carried as moisture in fuel takes about 1,250 
B.t.u. in its evaporation and superheat. Application of low temperature 
carbonization to boiler firing operations is similar to that of drying the fuel 
except that the tar oils are removed as well as the water. Coal before being 
fed to stoker or to pulverizing mill is led through a retort in which it is heated 
by hot waste gases from boiler or by superheated steam to about 1,000°F., 
for a sufficient length of time to expel about two-thirds of volatile content 
and all moisture. Approximate yields from one ton of non-caking German 
steam coal are 40,000 cubic feet of low grade gas of 110 B.t.u. per cubic feet, 
16 to 20 gallons of tar oils, and 1,568 pounds of stoker fuel. Nine plants have 
been built in Germany and Norway. Experiments have been conducted by 
C. B. Wisner of the Carbocite Company, Canton, Ohio, in which coal is heated 
first to 600°F. to drive off moisture and then to 900°. This is said to yield 
2,640 cubic feet of gas of 880 B.t.u., one gallon of light oil, 30 gallons tar oil, 
55 pounds ammonia liquor and 1,590 pounds semi-coke. Another experiment 
is being conducted at the Lakeside Station of the Milwaukee central station 
company.—John R. Baylis. 


The Work of the Quebec Streams Commission. O. LereBvre. Proc. 
Am. Soc. Civ. Eng., 52: 5, 895-910, May, 1926. Until 1910, there were 
practically no data regarding streams of Province. In 1913, systematic 
organization for flow measurements was instituted, and gauging stations 
were established on principal streams. Commission has investigated for 
Department of Lands and Forests great number of water power sites. Several 
storage dams have been constructed at cost of $7,500,000, from which Com- 
mission receives annual income of about $685,000.—John R. Baylis. 


Developments of the Hydro-Electric Power Commission of Ontario. FREDE- 
rick A. GaBy. Proc. Am. Soc. Civ. Eng., 52: 5, 911-41, May, 1926. Author 
gives brief description of power developments of Hydro-Electric Power Com- 
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mission of Ontario. It is now operating 23 plants and distributing about 
_ 800,000 h.p. The Queenston-Chippewa development is described somewhat 
in detail—John R. Baylis. 


Straight Line Plotting of Skew Frequency Data. R. D. Goopricn. Proc. 


Am. Soc. Civ. Eng., 52: 6, 1063-1105. August, 1926. Author gives equations © 


for duration and frequency curves, and for expressing variations in occurrence 


of phenomena which follow Skew Frequency Laws as to their distribution. 23 
Equa- 


Equations are particularly applicable to plotting of hydraulic data. 
tions of duration curve are such that a curve can always be plotted as a 
straight line function of data that follow various skew frequency laws. One 


general equation is given, which can be simplified for the condition of finite 
Several examples of use of these equations in plotting — ea 
of curves on a new type of skew frequency paper are shown. Ordinary and 

logarithmic coordinate paper may also be used. The equations and methods _ 
may be used by any one, as the work is largely graphical and most of the diffi- _ 


or of infinite limits. 


culties and objections to the use of curves and equations based on statistical 
methods of analysis are obviated.—John R. Baylis. 


Cost of Diesel Engine Operation at New Iberia, La. Power, 63: 25, 965, 


June 22, 1926. Operation of two 400-h.p. Diesel Engines, direct connected _ 
to a 334-kva. generator and a direct-current exciter has been economically _ 
satisfactory. For March 1926 total output was 151,600 kw. hrs. and total — 


cost per kilowatt hour, $0.0133.—Aug. G. Nolte. 


Improved Dionic Water Tester. Power, 63: 25, 984, June 22,1926. Improved 5 
model of the dionic water tester is illustrated and its operation described. — 


Apparatus is especially convenient for testing of boiler water and condensate, 
but can also be used for testing any dilute solution. It is based on the prin- 


ciple that when electrolytes are present in solution, the conductivity of the — 


solution is a measure of their amount.—Aug. G. Nolte. 


Diesel Operates at 900 r.p.m. Power, 63: 26, 1010, June 29, 1926. 


speeds in special gasoline engines are not unusual, but problem of increasing 
revolutions of the Diesel unit above 400 has been a difficult one. 
line draws in a prepared mixture of air and gasoline vapor and engine speed 
is limited solely by rate of ignition of this mixture. 
be introduced into cylinder in its raw state, and in place of a single ignition 
and combustion process, must be vaporized through the absorption of heat 
from its compressed-air charge. 


New 
Foos engine has maximum rating of 40 h.p. per cylinder at 900 r.p.m. High 


The gaso- _ 


Fuel for the Diesel must t 


The new engine is entirely inclosed, no mov- 


ing parts save extension shaft coupling being visible. Complete tests at __ 


various loads and over entire speed range have indicated excellent operation, 
with unusually high mechanical and thermal economies. 
averaged 0.45 pounds per brake horsepower. In power-plant field, new unit 


Fuel consumption | 


is intended to meet the demand for a standby or emergency prime mover.— 


Aug. G. Nolte. 
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dens and strengthens it, and gives it acid-resisting properties.—John R. 
Baylis. 


Corrosion Theories and Facts. P. D. Scumncx. Chem. & Met. Eng., 
33: 6, 357, June, 1926. The confusion resulting from publication of tests 


made under widely varying conditions makes it difficult for engineer to arrive a ; 


at decision as to most suitable material for a specific purpose. Value of an © 


alloy cannot be determined by laboratory tests unless these are so designed ~ ae 


as to duplicate service conditions. Occasionally a very minute percentage 


of some element will greatly affect corrosion rate. In many instances, sim- _ oY 
plest and most satisfactory method of determining proper metal to use isto 
place either a sample or a small piece of apparatus in an actually operating 
plant under service conditions. Electrolytic action between dissimilar metals 


frequently increases rate of corrosion.—John R. Baylis. a 


Low Temperature Carbonization and Steam Generation. Abstract from a 
paper by Davip Brownie. Chem. & Met. Eng., 33: 6, 360-1, June, 1926. 
It is not good practice to fire a boiler with coal containing considerable mois- 
ture. Every pound of water carried as moisture in fuel takes about 1,250 
B.t.u. in its evaporation and superheat. Application of low temperature 
carbonization to boiler firing operations is similar to that of drying the fuel 
except that the tar oils are removed as well as the water. Coal before being 
fed to stoker or to pulverizing mill is led through a retort in which it is heated 
by hot waste gases from boiler or by superheated steam to about 1,000°F., 
for a sufficient length of time to expel about two-thirds of volatile content 
and all moisture. Approximate yields from one ton of non-caking German 
steam coal are 40,000 cubic feet of low grade gas of 110 B.t.u. per cubic feet, 
16 to 20 gallons of tar oils, and 1,568 pounds of stoker fuel. Nine plants have 
been built in Germany and Norway. Experiments have been conducted by 
C. B. Wisner of the Carbocite Company, Canton, Ohio, in which coal is heated 
first to 600°F. to drive off moisture and then to 900°. This is said to yield 
2,640 cubic feet of gas of 880 B.t.u., one gallon of light oil, 30 gallons tar oil, 
55 pounds ammonia liquor and 1,590 pounds semi-coke. Another experiment 
is being conducted at the Lakeside ween of the Milwaukee central station 
company.—John R. Baylis. Aron 


The Work of the Quebec Streams Commission. O. Leresvre. Proc. 
Am. Soc. Civ. Eng., 52: 5, 895-910, May, 1926. Until 1910, there were 
practically no data regarding streams of Province. In 1913, systematic 
organization for flow measurements was instituted, and gauging stations 
were established on principal streams. Commission has investigated for 
Department of Lands and Forests great number of water power sites. Several 
storage dams have been constructed at cost of $7,500,000, from which Com- 
mission receives annual income of about $685,000.—John R. Baylis. 


Developments of the Hydro-Electric Power Commission of Ontario. FREDE- 
rick A. GaBy. Proc. Am. Soc. Civ. Eng., 52: 5, 911-41, May, 1926. Author 
gives brief power of Electric Power Com- 
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mission of Ontario. It is now operating 23 plants and distributing about 
. 800,000 h.p. The Queenston-Chippewa development is described somewhat 
in detail.—John R. Baylis. 


Straight Line Plotting of Skew Frequency Data. R. D. Goopricn. Proc. 
Am. Soc. Civ. Eng., 52: 6, 1063-1105. August, 1926. Author gives equations 
for duration and frequency curves, and for expressing variations in occurrence 
of phenomena which follow Skew Frequency Laws as to their distribution. 
Equations are particularly applicable to plotting of hydraulic data. Equa- 
tions of duration curve are such that a curve can always be plotted as a 
straight line function of data that follow various skew frequency laws. One 
general equation is given, which can be simplified for the condition of finite 
or of infinite limits. Several examples of use of these equations in plotting 
of curves on a new type of skew frequency paper are shown. Ordinary and 
logarithmic coordinate paper may also be used. The equations and methods 
may be used by any one, as the work is largely graphical and most of the diffi- 
culties and objections to the use of curves and equations based on statistical 
methods of analysis are obviated.—John R. Baylis. 


Cost of Diesel Engine Operation at New Iberia, La. Power, 63: 25, 965, 
June 22, 1926. Operation of two 400-h.p. Diesel Engines, direct connected 
to a 334-kva. generator and a direct-current exciter has been economically 
satisfactory. For March 1926 total output was 151,600 kw. hrs. and total 
cost per kilowatt hour, $0.0133.—Aug. G. Nolte. 


Improved Dionic Water Tester. Power, 63: 25, 984, June 22,1926. Improved 
model of the dionic water tester is illustrated and its operation described. 
Apparatus is especially convenient for testing of boiler water and condensate, 
but can also be used for testing any dilute solution. It is based on the prin- 
ciple that when electrolytes are present in solution, the conductivity of the 
solution is a measure of their amount.—Aug. G. Nolte. 


Diesel Operates at 900 r.p.m. Power, 63: 26, 1010, June 29, 1926. New 
Foos engine has maximum rating of 40 h.p. per cylinder at 900 r.p.m. High 
speeds in special gasoline engines are not unusual, but problem of increasing 
revolutions of the Diesel unit above 400 has been a difficult one. The gaso- 
line draws in a prepared mixture of air and gasoline vapor and engine speed 
is limited solely by rate of ignition of this mixture. Fuel for the Diesel must 
be introduced into cylinder in its raw state, and in place of a single ignition 
and combustion process, must be vaporized through the absorption of heat 
from its compressed-air charge. The new engine is entirely inclosed, no mov- 
ing parts save extension shaft coupling being visible. Complete tests at 
various loads and over entire speed range have indicated excellent operation, 
with unusually high mechanical and thermal economies. Fuel consumption 
averaged 0.45 pounds per brake horsepower. In power-plant field, new unit 
is intended to meet the demand for a standby or emergency prime mover.— 
Aug. Nolte. 
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Boiler Feed-Water Purification—1. Natural Waters and Their Impurities 
SuHerparpD T. Powe. Power, 64: 1, 12, July 6, 1926. Introductory to series 
of articles by the author on boiler feed-water purification. Tells in a clear 
and concise manner, of what impurities are found in natural waters, of how 
they get there, and of troubles to which they give rise in boiler operation. 
Scale formation and losses therefrom are discussed. The text is augmented 
with graphs and tables. 2. Getting Rid of Impurities by Sedimentation and 
Coagulation Power, 64: 2, 49, July 13,1926. Oldest known method of water 
purification is removal of suspended solids by subsidence. Rate of disposi- 
tion of a solid body depends upon its specific gravity, its shape and size, and 
upon viscosity of the water. Settling basins may be classified as either con- 
tinuous or intermittent. Former are used generally where demand for water 
is relatively steady and latter where demand is uneven. Tanks operating 
intermittently are used to a great extent at wayside railroad stations and at 
small stationary plants. Usual method of operation is to admit water at 
bottom and to remove clarified water by means of a “‘swimming”’ pipe with 
free end slightly below the surface. Basin through which water flows con- 
tinuously may be either circular or rectangular. Velocity of flow through 
basin should be kept uniform. Primary consideration in design of a subsi- 
dence basin should be permissible period of detention for removal of settleable 
solids at maximum rate of flow. From four to twenty-four hours of sub- 
sidence may be employed. The depth of subsidence basin is not of great im- 
portance except where provision must be made to permit building up of deep 
deposits between cleanings. Removal of suspended solids by sedimentation 
is not a complete process and should always be followed, if possible, by a more 
efficient system. Natural subsidence will remove the relatively coarse sus- 
pended solids, but there is a definite limit to the length of the subsidence 
_ period beyond which it is not practical to go. Much finely divided material, 
such as clays and similar substances, is frequently present in surface waters 
and may remain suspended for a long time unless coalescence occurs to larger 
- aggregates which may be removed by settling or filtration. Removal of these 
very fine suspensions may be effected by coagulation induced by addition of 
certain chemicals to the water. The most important coagulants are com- 
- mercial aluminum sulphate (filter alum) and ferrous sulphate and lime. Re- 
cently, sodium aluminate, alumino-ferric, and other forms of aluminum salts 
have been tried out with some success. When certain of these soluble metal- 
lic salts are added to artificially prepared or naturally alkaline waters, chemi- 
cal reactions take place and gelatinous substances are formed whose sponge- 
like structure affords large surface areas to which colloidal or semicolloidal 
particles may adhere. When water that has been coagulated passes through 
sand, or other filter materials, the flocculated chemical is strained from the 
water and forms a gelatinous mat or cover on the surface of the filter medium 
through which water passes while suspended material is entrained and thus 
removed. Alum and other coagulating substances increase the permanent 


treated. The amount of coagulant required to effect good clarification varies 
with nature and amounts of suspended and of soluble solids contained in the 
water, normal range being from 0.5 grain to about 2 grains per gallon. Pri- 
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mary objects of coagulation and settling basins are, first to mix thoroughly 
water and chemicals in order that chemical reactions may be completed, and 
thereafter to retain the water sufficiently long to deposit the majority of the \ - 
coagulated matter. Dorr Clarifier unit is suitable for the treatment of boiler 
feed water, consisting primarily of a specially designed tank in which sus- es 6 
pended solids may be collected and concentrated at a central point and sludge _ Ae 
removed continuously or intermittently as desired. Incoming stream of — ae 
liquid flows horizontally over entire area of tank and clarified effluent is <a 4) 
charged at opposite side. Hardinge super-thickener and clarifier serves “Ss 
remove suspended solids continuously and at the same time to filter the _ 
water. Both clarifiers are illustrated and fully described. Chemical coagu-— 

lants should be applied under due supervision because overdosing with alum — 

or other coagulants may result in acid water and cause serious operating diffi- — 
culties. 3. Filtration by Gravity and Pressure Filters. Power, 64:3, 93, | 
July 20, 1926. Filtration is the act of passing liquid through a porous ee 

for purpose of removing suspended matter. Sand, coke, charcoal, excelsior, a 
shavings, marble, magnetite, canvas, and other filter media have been used, BS “a 
Slow sand filters are beds of fine sand, ranging in depth from 18 to 36 inches, 
resting on some form of system, through which water is passed 
at relatively slow rates (two to five gallons per square foot of filter area ~~ - i 
hour). This process is not well suited for clarification of boiler feed-water. 

Rapid sand filters are units operated at high rates (two to five gallons per 
square foot of filter area per minute) with aid of coagulant: when surface of oe Be 
sand becomes fouled it is washed by sending reversed flow of clean water ‘i 
through it. This process is applicable to conditioning of feed water, either — " 
alone or as an adjunct to softening or other processes. Pressure filters are 
essentially the same as rapid sand filters, except that filter material is con- — Be 
tained in closed steel tank and water is forced through filter under pressure. a a 
This form of filtration is especially favorable for treatment of feed-water. — ee a: 
Pressure filter units are built in two forms, horizontal and vertical. Former __ 
adaptable primarily for filtering relatively small amounts of water and latter | 
for greater volumes. Vertical pressure filters range in size from 12 to 96 
inches in diameter and horizontal, from 6 to 8 feet in diameter and from 8 | 
to 25 feet in length. Results obtained from any form of water purification — 
will be proportional directly to care exercised by operator. Routine tests 
of raw and of treated water and records of essential operating data are re~ 
quired. Filtering is warranted whenever feed-water contains an appreciable 
amount of suspended solids. Finely divided suspended solid matter in feed- 
water is an important factor in foaming and priming of boiler water, increases _ 
blowdown, and is a freqent cause of burned tubes. Cost of filtration fluc- 
tuates widely for different systems and different operating conditions, and ae 
ranges from six mils to four cents per thousand gallons of water treated. _ 
Different types of filters are illustrated and their operation fully explained. 
—Aug. G. Nolte. 


New Washington Filter Plant. P.O. Macqueen. Pub. Works, 57: 197- 
202, 1926. New rapid sand filtration plant of 80 million gallons capacity 
having ead compact layout is described. Level in clear water reservoir 
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controls rate of filtration. Coagulant used will be syrup of alum manufac- 
tured at the plant.—C. C. Ruchhoft (Courtesy Chem. Abst.) 


New York’s Experience with Copper Sulphate. Frank E. Hate. Pub. 
Works, 57: 221-23, 1926. Copper Sulphate treatment of several of New York’s 
large reservoirs for tastes caused by Asterionella, Dinobryon, Synedra, and 
Synura are described. The copper sulphate was distributed by boats, the 
dosage varying from 0.18 to 0.36 p.p.m. Procedure for treating and putting 
a reservoir back into service is outlined.—C. C. Ruchhoft (Courtesy Chem. 
Absis.). 


Iron and Manganese Troubles. W. F. Monrorr. Engr. & Contr., 65: 
169-72, 1926. Red water troubles with pitting and deposits in water pipes 
caused by iron and manganese in quantities of from 0.1 to 5 p.p.m. in conjune- 
tion with Crenothrix are discussed. Iron and manganese may be eliminated 
by an iron removal plant with chlorination to destroy the Crenothrix. Trou- 
bles from red water caused by corrosion may be solved by pH control with 
lime.—C. C. Ruchhoft (Courtesy Chem. Abst.). 


The Quality Problem in Relation to Chicago’s Water Supply. Joun Enic- 
son. Engr. & Contr., 65: 173-4, 1926. Chicago water supply is becoming 
more potentially dangerous due to the occasional reversal of the Chicago 
River, the frequent discharge of the Calumet River into the lake, and the 
sewage and industrial wastes dumped into the lake by the growing communi- 
ties situated around southern end of Lake Michigan. Increasing quantities 
of chlorine required for disinfection are rendering the supply objectionable 
for drinking purposes. Filtration is recommended and plans for filtration 
plants are outlined.—C. C. Ruchhoft (Courtesy Chem. Absts.). 


Maintenance Service for Fifty Municipalities. Anon. Pub. Works, 57: 
157-61, 1926. Meter testing and repair department operated by Hackensack 
Water Company in maintaining nearly 60,000 services is described.—C. C. 
Ruchhoft. 


Architectural Treatment in Water Engineering. J. Hussanp. Pub. 
Works, 57: 161-63, 1926. Desirability of effectual architectural treatment 
for dams, gate towers, and other structures is discussed and examples from 
British and American practice are cited.—C. C. Ruchhoft. 


Water Works Statistics for 1925. Anon. Pub. Works, 57: 181-90, 1926. 
Data for 1925 obtained from nearly 400 cities of all sizes and geographical 
districts in the United States on amounts of mains laid, percentages of services 
metered, features of meter rates, and chemicals used in purifying water are 
tabulated.—C. C. Ruchhoft. 


The Improvement of the Water Supply of Keene, N.H. R.S. Weston and 
G. A. Sampson. Jour. New Eng. Water Works Assoc., 40: 1, 1, March, 1926. 
Femme and volume of water for fire hydrant service increased en aii the 
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pipes and building 1.5 m.g. storage reservoir on Beech Hill. Investigations 
indicated that epidemic of gastro-enteritis in October 1923 may have been due 
to accidental contamination of Roaring Brook and Echo Lake, the sources 
of supply. Slow sand filters have been built at Beech Hill and Stone Dam with 
capacities of 0.75 and 1.5 m.g.d. respectively. At Central Square available 
water at 60 pounds pressure was raised from 1,500 to 4,000 gallons per 
minute. Treatment by chlorine or rapid sand filters deemed inadvisable due 
to high color of the water and sudden changes in quality. Discussion follows. 
—W. U. Gallaher. 


The Economy of Municipal Bonds for Water Works Construction. C. W. 
SHERMAN. Jour. New Eng. Water Works Assoc., 40: 1, 16, March, 1926. 
Provided bonded indebtedness of municpality is kept low enough to insure 
good credit, it is better to issue bonds rather than raise money by special 
assessments in order to pay for improvements. Municipality can borrow 
money at 4 per cent, whereas citizens must pay 6 per cent.—W. U. Gallaher. 


Effect of Deciduous and Coniferous Forests on Rainfall and Run-Off. J. 
W. Toumey. Jour. New Eng. Water Works Assoc., 40: 1, 40, March, 
1926. Forests have no effect on total precipitation. They may take up as 
high as 50 per cent of rainfall for their own use but they make the soil more 
porous than that in treeless regions. Water is therefore distributed in the 
streams over a long period and also clarified. Coniferous trees are best for 
a watershed since they take only 10 to 20 per cent as much water for their own 
use as deciduous trees.—W. U. Gallaher. 


Financing Main Pipe Extensions bythe Assessment Method. G. A. Exuiorr. 
Jour. New Eng. Water Works Assoc., 40: 1, 22, March, 1926. See same Jour- 
nal, 39: 3, 185, Sept. 1925. Spring Valley Water Company stands expense 
of laying mains if cost does not exceed four times estimated yearly revenue. 
If cost is greater, applicant must deposit excess with Company, to be re- 
funded as revenue increases. The San José Water Works installs mains at 
their own expense up to 100 feet per consumer. Cost in excess of this must 
be deposited with Company and for each consumer subsequently added to 
line, refund is made to initial depositors equal to cost of 100 feet of mains. 
In new subdivisions, estimated cost plus 10 per cent for overhead must be 
advanced by applicant. If within 7 years, annual revenue from water equals 
25 per cent of total cost, deposit is refunded.—W. U. Gallaher. 


Report of the Metropolitan Water Supply Investigating Commission. Jour. 
New Eng. Water Works Assoc., 40: 1, 61, March, 1926. Present sources of 
supply can furnish average of 119 m.g.d., while consumption is 130 m.g.d. 
City of Worcester uses 130 m.g.d. from its own supply and buys an additional 
5-6 m.g.d. from the Metropolitan District. Purification of South Sudbury 
system at initial expense of $3,500,000 would add 26 m.g.d. Damming of the 
Ware and Swift Rivers would, together with South Sudbury system, give a 
supply to the Metropolitan District and Worcester that should be ample for 
75 years, and at as low a cost per million gallons as any. Investment, how- 
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ever, would be large and full utilization somewhat problematical. Com- 
munities in affected districts would object and water to be used by Worcester 
- would have to be elevated several hundred feet. Damming of the Ware at 
Barre Falls at cost of $14,000,000 would give reservoir with capacity of 45 
m.g.d. whence water would flow by gravity either to Worcester system or to 
- Wachusett. Reservoir; a compensating reservoir of 11 billion gallons capacity 
_ being built below to furnish water for industrial purposes, water being pre- 
_ ferred by riparian owners to cash settlement. By directing certain branches of 
upper Assabet River into Wachusett aqueduct at cost of $8,500,000, 47 m.g.d. 
would be available. Eighty m.g.d. of which 50 could be pumped to Metro- 
_ politan System, can be secured from Ipswich River above town of Topsfield 
at cost of $19,000,000. Hobbs Brook Reservoir of Cambridge may be in- 
- ereased by 30 m.g.d. by raising present dam 30 feet at cost of $12,000,000. 
Total additional supply from North Ware, Assabet, Ipswich, and Hobbs 
_ Brook would be 202 m.g.d. at total cost of $53,000,000. Waters from last 
_ three would require filtration, and that of North Ware when mixed with the 
present Wachusett water would lower quality of latter. Quinebang River 
available, but very remote. Desirable to construct deep pressure tunnel in 
underlying rock between Weston terminal and City of Everett at probable 
cost of $17,000,000. Commission makes following recommendations: (1) 
Creation of special construction commission with authority to improve and 
_ increase present water supply; (2) Construction of filtration plant to treat 
_ South Sudbury supply; (3) Construction of reservoir on upper Ware River; 
_ (4) City of Worcester to take one-ninth of water from new reservoir, paying 
- one-ninth of costs of construction and maintentance, and, as its consump- 
tion increases, additional water in increments of one-ninth, paying one- 
- ninth of original cost and yearly maintenance ; (5) Purchase of site for filtration 
_ plant for waters of Weston aqueduct; (6) Procuring of land within the water- 
sheds of Assabet and Ipswich Rivers to protect sanitary quality of their 
waters and prevent encroachment by private parties; (7) Commission to 
_ study and report on means of delivery of water to Metropolitan District; (8) 
An appropriation of $27,500,000 by the Legislature.—W. U. Gallaher. 


_ The Massachusetts Water Report. ALLEN Hazen. Jour. New Eng. Water 
_ Work Assoc., 40: 1, 44, March, 1926. Review of report of Metropolitan 
_ Water Supply Investigating Commission. Followed by discussion by Col. 

Cuar.zes R. Gow, member of the Commission.—W. U. Gallaher. 


Cement-Lined Cast-Iron Pipe. C. W. SHerman. Jour. New Eng. Water 
_ Works Assoc., 40: 1, 98, March, 1926. Pipe lined by insertion of liquid ce- 
- ment to the inside and then rotating with peripheral speed increasing from 
300 feet per minute at the start to 600 feet per minute at the finish.Cement 
to sand ratio, 3:1; thickness of coating, 'y to 34; inch, depending on size of 
pipe. Cost (for long pipes) varies from 5 cents per foot for 4-inch to 35 cents 
_ per foot for 24-inch pipe. Appendix I. Specifications for cement-lined cast- 
_ iron pipe and fittings. Appendix II. J. E. Grsson. Determinations of 
the coefficient ‘‘C’’ in Hazen and William’s formula for Cement-Lined Cast- 
Iron Pipe. Value of 144.5 thought nearest correct.—W. U. Gallaher. 
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Middle Rio Grande Conservancy Project Under Way. Eng. News-Rec., 
96: 522, April 1, 1926. Outline of irrigation and drainage project of Middle 
Rio Grande Conservancy District, New Mexico, which will involve straigh- 
tening of river course, construction of one or more dams for retaining 200,000 
acre-feet, and levees for flood protection.—R. E. Thompson. 


Additional Water Supply Under Way for Kansas City, Mo. Eng. News- 
Rec., 96: 492-4, March 25, 1926. Description of new plant which will supply 
100 (average) to 125 m.g.d. of purified Missouri River water to Kansas City, 
Mo., increasing present supply by about 50 per cent. Works consist of mass 
concrete crib of 150 m.g.d. capacity, protected by standard fascine mattress 
and rock paving; four 38-inch welded steel suction pipes, 150 feet long, to the 
140-m.g.d. low-lift pumping station ; four 4-m.g.d. preliminary settling tanks 
equipped with revolving clarifiers, estimated to reduce suspended matter 
90 per cent; two 1-m.g.d. mixing tanks where alum and lime are applied, pro- 
vision being made for secondary application in final settling tanks; 3 coagula- 
tion basins of 372 m.g. total capacity, with facilities for continuous sludge re- 
moval ; 2 final settling basins of 144 m.g.d. total capacity ; twenty-four 4-m.g.d. 
filter units, sand and gravel depths in which are 27 and 18 inches respective 
two 75,000-gallon steel wash-water tanks and a third of a similar dapacity for 
general purposes; and 600-pound per day chlorinating apparatus. Provision 
has been made for manufacture of alum at the plant. Extensions also include 
two pure water tunnels, conduit and 17-m.g. covered equalizing reservoir.— 
R. E. Thompson. 


Simple Connection to Steel Mains. F. Jounstone-TayLtor. Eng. News- 
Rec., 96: 583, April 8, 1926. Brief illustrated description of system devised 
for making small connections to steel pipe.—R. EZ. Thompson. 


San Francisco Bay Crossing of Hetch Hetchy Aqueduct.Eng. News-Rec.,96: 
434-8, March 18, 1926. Bay Crossing Division of Hetch Hetchy project is 
being constructed now, 7 years before it can be used to convey Hetch Hetchy 
water, to supplement pipe lines carrying water from East Bay sources of 
Spring Valley Water Co. Asa whole, the Bay Division now being completed 
is 21 miles in length and, except for Pulgas tunnel (8675 feet long) and sub- 
marine pipe in Bay (2750 feet) and across Newark slough (400 feet), consists of 
60-inch pipe of 45-m.g.d. capacity buried in trench or laid on trestle. The 
Bay Crossing proper, described in present article, includes 3870 feet of steel 
bridge on west side of Bay terminating in thrust pier, and flexible 42-inch pipe 
laid on Bay bottom between pier and east shore. Bridge, which was designed 
for two 76-inch lines in ultimate development, is now carrying one 60-inch 
line, and overall cost of bridge, pier, and pipe was $400 per foot of bridge. 
Construction of bridge and laying of pipe described in some detail. First 
234 feet of submerged pipe was laid from temporary trestle, rendering it pos- 
sible to pour lead joints above water and lower pipe after considerable length 
had been completed. Maximum time required for calking joint, which re- 
quired 400 pounds of lead, was 45 minutes.—R. EF. Thompson. 
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Reconstructing the Calaveras Dam by Dry Fill. G. A. Exuiorr. Eng. 
News-Rec., 96: 514-7, April 1, 1926. Reconstruction of Calaveras dam by 
Spring Valley Water Company described and illustrated. Finished structure 
is earth and rock dam with rolled clay core, 220 feet above bedrock, with 
volume of 3,461,000 cubic yards, creating reservoir with capacity of 32,800 m.g. 
Spillway is lined with reinforced concrete and is 1450 feet in length. Con- 
struction of lower half by hydraulic fill was interrupted by slipping of 800,000 
cubic yards of embankment into reservoir. Since that time upper portion 
has been completed by rolled clay core supported by uncompacted soft rock 
banks dumped into place.—R. E. Thompson. 


Piling and Wire Fencing Protect Stream Bank Near Bridges. Eng. News 
Rec., 96: 419, March 11, 1926. Brief illustrated description of method of 
protecting stream banks employed by California State Highway Commission, 
consisting of driving double line of piling, on which heavy barbed wire is 
fastened at 6-inch spacing, and planting willows between bank and these 
jetties —R. E. Thompson. 


Federal Interest in Flood Control. Ritey J. Witson. Eng. News-Rec., 
96: 411, March 11, 1926. Progress under 1917 Act of Congress reviewed 
briefly.—R. E. Thompson. 


Value of Flood Control. C. A. Boox. Eng. News-Rec., 96: 411, March 
11, 1926. Brief general discussion.—R. EZ. Thompson. 


Flood Protection for Freeport, Ill. W. G. Porrer. Eng. News-Rec., 96: 
411, March 11, 1926. Relief project provides for 2-2}-mile diversion channel 
around city for Pecatonica River at.cost of $660,000-780,000. In 10}-year 
record of flow, average for 119 days was less than 500 second-feet while on 
4 days during that number of years discharge was 14,000 second-feet. High- 
est on record is 17,000, in 1916, when estimated damage was $100,000.—R. £. 
Thompson. 


Progress on the Experimental Arch Dam. Eng. News-Rec., 96: 494-5, 
March 25, 1926. Excavation for the experimental dam being built by Engi- 
neering Foundation was completed and all materials required for construction 
were at site in February. Three main values will be measured: deflection, 
deformation, or strain, and temperature, employing at least two independent 
methods in each case. Methods of measurement which will be employed 
are outlined.—R. E. Thompson. 


Welded Swimming-Pool Tank in a Chicago Club Building. Eng. News- 
Rec., 96: 366-7, March 4, 1926. Brief illustrated description of electrically- 
welded steel swimming pool, 60 by 30 feet, with glazed tile lining, on sixth 
floor of Standard Club Building, Chicago.—R. E. Thompson. 


Eleven Dams Make Storage Reservoir of Lake Kenogami. A. F. Dyemr. 
Eng News-Rec., 96: 404-8, March 11, 1926. Illustrated description of con- 
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_ struction of structures which will convert Lake Kenogami into 15,000,000,000- 
cubic foot storage reservoir and provide minimum continuous flow of 1800 
second-feet throughout year for power purposes. Largest structure is con- 
crete dam across Chicoutimi River, which is 1500 feet in length and 80 feet 
(maximum) in height. Details are included of method employed in placing 
concrete on this dam, which was carried out when temperature was usually 
below zero. Retaining works on Ausable River are situated where river is 
divided by an island and consists of 4 separate structures—2 dams and 2 bulk- 
heads. Other structures are small concrete dams and dikes. Total cost of 
undertaking, including compensation for flooded lands, will be nearly 
$4,000,000.—R. E. Thompson. 


Methods Used in Testing Yields of Water Works Wells. G. C. Haser- 
MEYER and C. V. SweariInceN. Eng. News-Rec., 96: 414, March 11, 1926. 
_ Description of methods employed for measuring depth of water and yield of 
wells —R. E. Thompson (Courtesy Chem. Abst.). 


The South Canadian River. A. 8S. Stinnett. Eng. News-Rec., 96: 411, 
March 11, 1926. Reconnaissance surveys have been carried out in connection 
with flood control on South Canadian River and sites have been located for 
3 dams which will be over 100 feet high, each creating storage capacity of 
500,000 acre-feet.—R. EH. Thompson. 


Single Building Houses Bismarck’s New Pumps and Filters. Torn 
Dickinson. Eng. News-Rec., 96: 371-3, March 4, 1926. New plant at Bis- 
marck, N. D., for purifying and softening Missouri River water, consists of 
Diesel engine, generator, high- and low-lift pumps, mixing chambers, three 
0.75-m.g.d. filters, chemical feed machines, chlorinator, and laboratory, all 
under one roof. Latter arrangement has not given rise to any trouble due to 
moisture. Feature of works is provision for use of domestic-service high- 
lift pumps as fire pumps at increased pressure, supply being derived from 
high-level storage reservoirs formerly used as sedimentation basins, affording 
fire flow triple capacity of filtration plant. Plant is part of additions to pri- 
vately owned works acquired by city in 1923. Cost of old system was $273,000 
and of new work $397,000, including extensive additions to distribution sys- 
tem.—R. E. Thompson. 


Concrete Arch Dam with Central Spillway Built on Klamath Project. A. 
L. Darr. Eng. News-Rec., 96: 331, February 25, 1926. Brief details given 
of Gerber Dam in Oregon, completed last June by United States Bureau of 
Reclamation. Dam is of concrete and of pure arch type, 478 feet long on top 
and 75 feet high from foundation to crest of spillway. Central portion for 
length of 150 feet is shaped as overfall dam to serve as spillway. Thermom- 
eters built into concrete and gage-point stations were provided for future 
observations.—R. EZ. Thompson. 


Exchequer Dam Closure to be Made by Timber-and-Concrete Gates. Eng. 
News-Rec., 96: 418, March 11, 1926. Brief illustrated description of gates 
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for two openings through which Merced River was passed during construc- 
tion of Exchequer Dam. Gates are each 16 feet wide by 30 feet high and 
consist of backing of 12- by 30-inch timbers laid flat and faced with reinforced 
concrete slab 18 inches thick, extending full height of gate.—R. E. Thompson. 


Recent Rock Tunneling Methods, Illinois Central R. R. Eng. News-Rec., 
96: 370, March 4, 1926. Brief outline of methods employed in construction 
of 3 tunnels through Ozark Hills, 800, 6900, and 2600 feet in length respec- 
tively.—R. E. Thompson. 


Timber Dapping Machine Used on Moffat Tunnel. Eng. News-Rec., 96: 
333, February 25, 1926. In framing tunnel timbers, cutting of daps by hand 
is an expensive item. Dapping machine, designed by C. A. Berts, is de- 
scribed which has saved many times its cost in few months of steady work 
during construction of Moffat Tunnel. Cost was $600, including motor.— 
R. E. Thompson. 


High Overflow Dam Main Unit of Baker Power Plant. Eng. News-Rec., 96: 
360-2, March 4, 1926. Illustrated description of plant of Puget Sound Light 
and Power Company in canyon of Baker River. Dam, which is of concrete, is 
curved on radius of 250 feet and has crest length of 493 feet and total height 
of 263 feet from bedrock to top of gate piers. At greatest depth, total width 
of cross-section, including apron, is 180 feet. Dam is of overpour type, with 
spillway control by means of gates on crest.—R. E. Thompson. 


Sennar Dam on the Blue Nile in Egypt Completed. Eng. News-Rec., 96: 
316-7, February 25, 1926. Illustrated description of irrigation system which 
consists of dam and 775 miles of canals. Cost of entire project was approxi- 
mately $43,000,000. Dam is 9925 feet long, made up of central portion of 
rubble masonry, of gravity section, and two end portions constructed par- 
tially of masonry and partially of earth fill. Height from channel bottom to 
spillway section is 68 feet and maximum overall height is 130 feet.—R. EZ. 
Thompson. 


Huge Reservoir and Pumping Plant for London (Eng.) Water Supply. Eng. 
News-Rec., 96: 200-1, February 4, 1926. Brief illustrated description of 
Queen Mary reservoir and of its new 300- to 412-U.S.m.g.d. pumping plant 
consisting of centrifugal pumps and uniflow steam engines. Reservoir covers 
area of 723 acres and water depth when full is 38 feet, capacity being nearly 
8 billion U. 8S. gallons. Embankment is of earth with clay puddle heart-wall, 
lower section of water slope being paved with 6-inch concrete slabs and higher 
section with concrete blocks. Earth baffle embankment 4000 feet long was 
constructed nearly across width of reservoir between inlet and outlet, which 
are on opposite sides, to promote circulation.—R. E. Thompson. 


Tests of Water Pressures Under Brule River Dam. Eng. News-Rec., 96: 
274-5, February 18, 1926. Brief data given on pressure measurements under 
dam made by means of pipes from cups in foundation to downstream face 
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which were placed during construction. Four of seven pipes showed no 
pressure, and maximum pressure recorded was only 50 per cent of that which 


would be due to head of water.—R. HE. Thompson 


Will Hole Through Moffat Tunnelin July, 1926. C. A. Berrs. Eng. News- 


Rec., 96: 284-5, February, 18, 1926. Brief data given on progress inconstruc- _ i 


tion of Moffat Tunnel in Colorado, 66 per cent of which has been completed. | 


Eighty per cent of water tunnel has been finished to date. Notes on construc- eae 


tion included.—R. E. Thompson. 


Water Charge for Construction Uses. Eng. News-Rec., 96: 289, February __ 


18, 1926. City of Mobile, Ala., imposes charge of 6 cents per cubic yard of 


concrete and 12} cents per 1000 brick for water used by construction com- —- 


panies from city mains. Lowering of charges is being considered.—R. FE. — 
Thompson. 


Tests of Cement-Asbestos Pipe. W. S. Parpor. Eng. News-Rec., 96: | 
169, January 28, 1926. Results are given of tests of 150-mm. (5.9 inch) in- | 
side diameter pipe 15-mm. (0.59 inch) in thickness, constructed of 85 per 


cent slow-setting portland cement and 15 per cent asbestos fibre. Bursting ae ‘ 
pressure varied from 300 to 450 pounds per square inch, corresponding toten- 


sile stresses of 1500-2250 pounds per square inch. Joint, which consists of 
sleeve, 2 rubber rings about }-inch square and 2 cast-iron collars pulled — 
gether by three }-inch bolts in form of double stuffing box, showed no leak- 
age prior to bursting, which occurred at remote point, indicating that 


joint was stronger than pipe. Interior of pipe is as smooth as marbleand 
discharge capacity is 15 per cent greater than clean cast-iron and 45 pert 


cent more than slightly tuberculated cast-iron pipe. Pipe is not subject 
to tuberculation and hence maintains discharge capacity and is non-con. 
ductor and therefore not subject to electrolysis. Material can be cut with 
hack saw, machined in lathe, drilled and tapped for corporation cocks. 
Weight is about 4 that of cast-iron pipe for same service and cost is less. 
Pipe is manufactured in Genoa, Italy, on cylinder pipe machine by building 
up layers of cement asbestos about 0.2 mm. in thickness on mandrel under 
pressure.—R. E. Thompson. 


Leakage Test of 36-Inch Concrete Sewage Force Main, Dallas, Texas. E. 
A. Kinastey. Eng. News-Rec., 96: 294, February 18, 1926. Brief details 
given of reinforced-concrete force main which on 14-day contract test showed 
leakage averaging 117 gallons per inch per mile in 24 hours compared with 
contract requirement of 200 gallons. Line is 36 inches in diameter and has 
total length of 14,250 feet, difference in level between pump and outlet end 
being 34.5 feet. It is composed of precast pipe in 12-foot lengths, and except 
for 2 or 3 joints in wet locations jointing material throughout was of neat 
cement, about consistency of putty, calked against jute. Thickness of walls 
is 44 inches. Pipe is patented and is known as “Trammell system copper 
bell concrete pressure pipe.’’—R. E. Thompson. 
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Construction of Steel Portion of Providence Aqueduct. Bayarp F. Snow. 
Eng. News-Rec., 96: 159-61, January 28, 1926. Illustrated details given of 
construction of steel portion of aqueduct from new source of supply of Provi- 
dence, the Scituate reservoir. Aqueduct consists of over 3 miles of con- 
crete-lined tunnel through rock, somewhat over 1 mile open-cut reinforced 
concrete lined, and nearly 2 miles of riveted steel pipe, 8300 feet of which 
is 66 inches in diameter and remainder 48 inches. After removal of all rust 
and loose scale pipe was coated first with cold “‘bitumastic solution”’ and then 
with hot “‘bitumastic enamel.’’ Backfilling was carried out with great care 
to avoid damaging coating. Failure to remove drop-hole plug while drain- 
ing first section after testing resulted in buckling at top of 200 feet of 66 inch 
pipe. By means of water pressure up to 35 pounds and 35- and 50-ton jacks, 
pipe was brought ‘back to almost correct shape. It is believed that by em- 
ployment of water pressure of 100 pounds, together with pneumatic hammer 
to set up vibrations, reshaping of pipe could have been carried out more 
economically. Pipe consisted of rolled ;°,-inch plate conforming to A.S.T.M. 
serial designation A7-21.—R. EZ. Thompson. 


New York State Prohibits Cross-Connections. Eng. News-Rec., 96: 161, 
January 28, 1926. Cross-connections between potable water supply systems 
and any other system in New York State are prohibited by regulation adopted 
November 12, 1925, unless other supply is regularly examined by those in 
charge of potable supply and found to be of satisfactory quality. All exist- 
ing connections must be severed by July 1, 1926, unless they ‘‘include two 
gate valves with indicator posts, two check valves of Special Factory Mutual 
Fire Insurance design or equipped with drip cocks and gages for testing, all 
located in vault of watertight construction accessible for ready inspection,” 
in which case time is extended to July 1, 1928.—R. EZ. Thompgon. 


Existing Practices of Polluting Public Water Courses. Gro. W. Frexp. 
Science, 63: 443-6, April 30, 1926. General discussion of pollution of water 
courses in which it is pointed out that practice of discharging waste oil into 
bodies of water, producing film which rapidly spreads over an ever-increasing 
area, curtails exchange of gases between atmosphere and water, thus depriv- 
ing water of oxygen necessary for life processes of microérganisms and for 
oxidation of polluting organic matter.—R. E. Thompson. 


1925 Drought Breaks All Records in Southern Appalachians. E. D. Burcu- 
ARD. Eng. News-Rec., 96: 234-5, February 11, 1926. Data on rainfall and 
stream flow during year ending September 30, 1925, given. Average defi- 
ciency of rainfall at 12 selected stations was 37 per cent for year and 49 per 
cent for period February-September. At 28 of 30 selected stream gaging 
stations minimum flow was lower during 1925 than any previously recorded. 
—R. E. Thompson. 


New Willow Bank Protection Tried Out By California Highway Department. 
Eng. News-Rec., 96: 165-6, January 28, 1926. Departure from usual type of 
willow protection work described briefly. Cuttings not cated 1 ae in 
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diameter were planted with small ends pointing upstream, and timber boxes 
1 x 4x 10 feet, constructed of 2-inch material, were filled with gravel and 
anchored on top of mat at 45-degree angle to flow of stream and 15-20-degree 
angle to water surface. Resulting deposit of silt on young trees materially 
aided their growth. Cost of boxes installed averaged $9.88 each.—R. £. 
Thompson. 


Flow Tests of Old Cast-Iron Water Mains, Chicago Water Works. J. B. 
Eppy. Eng. News-Rec., 96: 287, February 18, 1926. Brief data given 
on results of examinations of water mains in Chicago, some of which have 
been more than 50 years in service. About 400taps,3to12inchesin diam- 
eter, are made vearly for inspection purposes. Age has little or no effect 
on carrying capacity in Chicago, and it is therefore customary in estimating 
size of feeder mains to assume that pipe coefficient will not change.—R. £. 
Thompson. 


Volcanic Formations Govern Design in Pit River 3 Hydro Development. 
Watrer Dreyer. Eng. News-Rec., 96: 144-9, January 28, 1926. Illus- 
trated description of recently completed Pit River 3 development of Pacific 
Gas and Electric Company, including diversion dam and pressure tunnel. — 
Dam is of ogee spillway type, arched in plan on 500-foot radius, and is.112 
feet in height from foundation to crest. Foundation was such that grouted | 
cutoff wall was necessary. Baffle piers were constructed in apron to prevent 
erosion and scour below dam, hydraulic jump method not being adapted to 
site. Tunnel is 21,230 feet long, concrete-lined and circular in section, and — 
has inside finished diameter of 19 feet.—R. E. Thompson. 


Fargo, N. D. Eng. News-Rec., 96: 152-3, January 28, 1926. Brief details 
given of water supply of Fargo, which is obtained from Red River. Turbid- 
ity of raw water varies between 15 and 350 p.p.m. Water is sold at 15 cents — 
per 1000 gallons, average cost being 11.5, distributed as follows: pumping © 
5.64, filtration 3.06, mains and hydants 1.25, meters 0.8, depreciation 0.96. 
Since filtration plant was installed in 1912, only 3 deaths from typhoid have 
occurred, and origin of these cases was obscure. Population is about 25,500. 
—R. E. Thompson. 


Water Works and Sewerage Systems in Middle West Cities. Eng. News- 
Rec., 96: 153, January 28, 1926. Table given, based on information collected _ 
by Gro. W. Putnam, showing number of cities in Iowa, Kansas, Missouri, 
and Illinois which have water and sewer systems, classified in 3 groups ac- 
cording to population, namely, above 2500, 1000-2000, and below 1000.— 
R. E. Thompson. 


Economic Design of Pipe Lines. J. W. Lepoux. Eng. News-Rec., 96: 
February 11, 1926. Formulas given for use in economic design - gravity 
and pumping mains.—R. E. Thompson. 
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Retention and Excretion of Lead. A.S. Minor nae J.C. Avs. 4 Pheneiié 
col., 23: Proc. 159, 1924. From Chem. Abst., 18: 3230, October 20, 1924. 
In chronic lead poisoning the lead is retained indefinitely in solid portion of 
bones. Such immobilized lead is harmless but is held at point where its 
liberation would flood the organism with toxic soluble lead. Depleted alkali 
reserve tends to mobilize stored lead. Whether this increased acidity is 
produced artificially by acid ingestion or by pathological conditions, 
mobilization and excretion of lead are temporarily increased. Negative 
calcium alone decreases stability of deposit and when this condition is com- 
bined with simultaneously increased acidity lead excretion is more markedly 
increased.—R. E. Thompson. 


Super-Cements. Otro Grar. Z. Ver. deut. Ing., 68: 853-6, 1924. From 
Chem. Abst., 18: 3264, October 20, 1924. Portland and other high-grade 
cements are compared from standpoint of construction engineer. In general 
super-cements are preferred for greater strength, early high strength, resist- 
ance to chemical action, and low shrinkage. They are less desirable for 
their low elasticity, dark shade, and high cost. They are similar to port- 
land cement in regard to effect of water cement ratio in mix and also as re- 
gards time of set.—R. E. Thompson. 


Fused Cement. Nirzscue. Zement, 13: 136-7, 1924. From Chem. 
Abst., 18: 3264, October 20, 1924. Action of 7.5 per cent magnesium sulfate 
solution on fused cement briquets was very slight during 12-month period. 
At 90 days tensile strength of 34.7 kgm. per square centimeter and crushing 
strength of 702 kgm. per square centimeter were attained. On longer im- 
mersions former increased while latter decreased slightly. Contraction of 
specimens of both neat fused cement and of 1:3 mixes with sand in 2.4 per 
cent magnesium sulfate solution, allowance being made for intermittent im- 
mersions and drying periods, was same as that of check pieces in tap water. 
—R. E. Thompson. 


Forty-third Annual Report of the Provincial Board of Health, Ontario, Canada 
for the Year 1924. 149 pp. Annual Report, Division of Sanitary Engineering. 
F. A. Datuyn. Ibid., 99-106. Progress in sanitation in the province is 
reviewed. Prior to 1913 there were 7 water purification systems in opera- 
tion, while at present there are 41 purification plants and 96 chlorinating in- 
stallations. The typhoid death rate for the towns and cities during 1924 
was 2.5 per 100,000, the lowest in the history of the province. In 1910 the 
rate was 31.5. Activities of the Experimental Station for 1924. A. V. Drna- 
PORTE. Ibid., 112-4. Researches carried out and in progress are outlined. 
Laboratory experiments on coagulation with Na aluminate were fairly suc- 
cessful, but few waters were found which were sufficiently acid to precipitate 
completely the amount required for efficient filtration. It was found that 
when certain strength solutions of alum and Na,CO; were mixed, the first pre- 
cipitate of Al(OH); redissolved, and that when the resulting solution was added 
to water an Al(OH); floc was obtained immediately. Laboratory experi- 
ments on coagulation of a number of different types of water by this method 
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have given excellent results, and it is proposed to apply it on a practical scale. 
If successful, the advantages of this treatment for waters of low alkalinity 
are obvious. Report of Field Work re Fire Underwriters’ Cross-Connections. 
G. A. H. Burn. Ibid., 118-32. Data obtained in survey of private fire sup- 
plies is tabulated and discussed. One of the checks was leaking in 16 of the 
71 dual check installations tested at 46 plants. Motor Tourist Camps. A. 
V. Devaporte. Ibid., 133-149. Town water supplies were available in 60 
of the 127 camps inspected in survey carried out in 1924; wells were employed 
in 56; springs in 9; rivers and lakes in 7; and in 4, there was no provision for 
water supply. Fifty-four of the well, spring, river, and lake supplies showed 
considerable contamination, 16 were fair, and 9 were in good condition.— R. 
E. Thompson (Courtesy Chem. Abst.). 


Effect of Manipulation on Strength of Field Concrete. G. W. Hurcainson. 
Eng. News-Rec., 96: 246-7, 1926. Discussion of effect of manipulation on 
strength of concrete, in which brief comparative data is given on strength 
of edge and middle concrete of 27 different highway projects. There was 
only 3 per cent variation between average strength of edge cores and those 
from center, but the mean deviation from average in former was 20 per cent 
and but 5 per cent in latter. Most important factor is therefore workability, 
as by building this property into mass, it can be flowed into place with mini- 
mum of manipulation.—R. EZ. Thompson (Courtesy Chem. Abst.). 


How to Prevent and to Restore Frozen Concrete. A. M. Bourtuon. Eng. 
News-Rec., 96: 408-10, 1926. Methods of preventing freezing of concrete 
and of thawing and curing frozen concrete are described. Concrete which 
has been frozen may be restored to very near, or possibly to full efficiency, 
provided it has not been exposed to repeated freezing and thawing. Loss 
in strength after a second freezing may be 20-30 per cent and after fourth 
exposure 50-70 per cent. Investigations indicated that while wet concrete 
expands more than a dry mixture on freezing, less injury results to former 
when thawed and allowed to set properly, owing probably to greater plasticity 
which enables normal condition to be regained, and to unimportance of ad- 
ditional loss of moisture, which has marked influence on strength of dry 
mixture.—R. E. Thompson (Courtesy Chem. Adst.). 


Records on a Concrete Road Using Weighed Aggregates. W. E. Barker. 
Eng. News-Rec., 96: 440-1, 1926. Method of proportioning aggregates by 
weight employed in road construction in Iowa is described. Tests showed 
that this method gave more uniform concrete and lower percentage of cement 
used in excess of the theoretical than volume messurement. Labor required 
is the same for both methods.—R. EZ. Thompson (Courtesy Chem. Abst.). 


Studies of Curing Concrete in a Semi-Arid Climate. C. L. McKzsson. 
Eng. News-Rec., 96: 452-3, 1926. Paving concrete cured with CaCl, (23 
pounds per square yard) was found to be 80-90 per cent efficient in 90 days 
and practically 100 per cent in 1 year compared with water-cured concrete. 
Experiments employing varying periods of watering showed that the first 
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he critical period and that if sufficient water is supplied during this 
period, hydration will proceed for at least 90 days. Maximum strength at 
90 days was obtained with 7 days’ watering, there being no appreciable gain 
up to 14 days. Sections cured by simply covering with dry earth showed good 
strength at 14 days but there was no material gain up to 90 days. The surface 
of the unwatered sections was much softer than that of the other sections, 
the surface hardness of which was satisfactory regardless of period of water- 
ing.—R. E. Thompson (Courtesy Chem. Abst.). 


Stream Pollution by Acid Mine Drainage. R. D. Lzrrcu. U. S. Bur. 
Mines Rept. of Investigations, 2725, 7 pp., January, 1926. More than 150 
supplies in United States and Canada affected by acid mine drainage. More 
then 9,000,000 tons of sulphuric acid annually dumped into streams of Penn- 
sylvania alone. Damage from this source includes $1600 annually for each 
locomotive and $50,000 annually to locks and dams in Pittsburgh district, 
$10 annually to plumbing in each residence in Pittsburgh, aggregating 
$3,000,000, and more in industrial plants, and destruction of fish for 263 
miles below city. Mining increases penetration of surface water and about 
27 per cent of rainfall is pumped from mines as acid water. Only about 6 
per cent of area underlain by coal in Pittsburgh district has been mined and, 
since worked-out mines continue to produce acid water as though still active, 
problem will become greater. In few cases attempt made to neutralize acid 
with limestone, lime, or marl. At one mine iron oxide recovered and sold. 
Use of barium chloride suggested, but so far, too costly. To purify present 
acid waters in Pennsylvania would cost $10,000,000 for installation, and 
$225,000 annually for lime for neutralization besides $750,000 for subsequent 
necessary softening. Sanitary Water Board of Pennsylvania has grouped 
streams of State into those so badly polluted that improvement is imprac- 
ticable or impossible, those that are polluted but can be restored, and those 
as yet unpolluted. No control to be attempted in first class, purification to 
be required in second class, and dumping of wastes to be prohibited in third 
class.—David G. Thompson. 


Boiler Water Conditioning with Special Reference to High Operating Pres- 
sure and Corrosion. R.E. Hau. U.S. Bur. Mines Repts. of Investigations, 
2727, January, 1926. Discusses factors to be considered in treatment of 
boiler waters to prevent formation of scale and corrosion not merely on evapo- 
rating surfaces of boilers but also in feed water lines, preheating sections, and 
parts of systems in which steam is used. Considers use of soda ash and 
sodium phosphate and relation between chemical used and operating press- 
sure to obtain best results —David G. Thompson. 


Sixth Biennial Report of State Engineer and Surface Water Supply of New 
Mexico (for years 1923 and 1924), 214 pp., 1925. Contains draft of proposed 
compact between New Mexico and Texas relating to utilization of water 
from Pecos River, short report on quantity of ground water available for 
irrigation in Estancia Valley, and stream flow data for New Mexico streams 
for 1923 and 1924.—David G. Thompson. 
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Comparison of Chemical and Bacteriological Examination Made on the 
Illinois River During a Season of Low and a Season of High Water, 1923-1924. d 
R. E. GREENFIELD. IIl. State Water Survey Bull. 20: pp. 9-33, 1925. Gives ==> 
results of determinations of dissolved oxygen and biological demand and ve = 
bacteriological tests along 35-mile stretch of Illinois River during periods — 
of unusually low flow in 1923 and high flow in 1924. In 1923 pollution so 
great in upper section of river that no dissolved oxygen was found as —— , 
down as Chillicothe, 146 miles from Lake Michigan, and existence of fish was Es 
impossible. Below Chillicothe oxygen increased to maximum at Peoria — im 
Narrows. Wastes from Peoria and Pekin increased pollution but not to de- 
gree prevalent farther upstream. In 1924 condition of water was much better i 
than in 1923, due to greater dilution, but major variations seem to have been a = la 
caused by material carried in by freshets rather than by introduced pollu- 
tion.—David G. Thompson. 


of Illinois. G. A. R. E. Greenrietp, A. M. Buswew. Ill. 

State Water Survey Bull. 20: pp. 34-59. 1925. Communities in State having — a a a 
sewerage systems listed according to type in use and each described briefly; = = 
136 systems dumping unpurified sewage into streams, 72 treating in some sort | Se i x ag 
of sedimentation tank, 57 treating with some device in addition to sedimen- | ae ace 
tation. Distribution of systems shown on three maps. Sources of pollution eee Taya 
in Iroquois and Kankakee counties, including pollution by industries accord- *, 7 <a. 
ing to character, shown on separate map.—David G. Thompson. tee 


Precipitation in the Drainage Area of the Great Lakes, 1875-1924, witha Dis- 
cussion of the Levels of the Separate Lakes and Their Relation to the Annual __ 
Precipitation. P. C. Day, Monthly Weather Review, 54: 3, 85-106, March, _ 
1926. Gives precipitation data for Great Lakes region and compares fluctua- _ 
tions in lake levels with changes in precipitation. Graphs show that lake —__ 
levels change approximately in accord with precipitation with lags on the _ 
different lakes ranging from a few months to a year.—David G. Thompson. 


Record of Dry Spells at Nashville, Tenn., 1871-1925. Roscoz Nunn. | 
Monthly Weather Review, 53: 9, 398, September, 1925. In 55 yearsatotal =~ 
of 69 dry spells of 21 days or longer in which precipitation was less than 0.25 
inch. Longest spell was 43 days. Four spells of 40 days ormore and 16spells _ 
of 30 days or more. Average number of dry spells per year was 1.3.—David — 
G. Thompson.’ 


Wide Area Forecasting of Stream-Flow on the Columbia and Colorado. J. 
E. Cuurcn. Monthly Weather Review, 53: 8, 353-354, August, 1925. De- | 
spite large areas of drainage basins, conditions are such that it is believeda 
few well placed snow survey stations will give reliable forecasts of water sup- : 
ply available for irrigation and industrial needs.—David G. Thompson. 


Seasonal Precipitation in California and Its Variability. B. M. Varney. 
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1925. Critical analysis of California precipitation data with special atten- 
tion to seasonal departures from average seasonal! rainfall, frequencies of 
rainfall of certain amounts, and mean seasonal variability of precipitation. 
Seasonal variability is defined as the difference between successive seasonal 
totals of precipitation regardless of sign. It becomes significant when 
studied with mean departure from normal in considering reservoir capacities 
required to cover periods of deficiency. A new rainfall map of California, 
based on records adjusted to a uniform period of 25 seasons accompanies 
the paper.—David G. Thompson. 


A Preliminary Study of Effective Rainfall. J. F. Voorners. Monthly 
Weather Review, 53: 2, 63-65. February, 1925. Considers disposal of rain- 
fall in Knoxville, Tenn., region. Gives data on interception of rainfall by 
vegetation and on lysimeter experiment at University of Tennessee Experi- 
ment Station.—David G. Thompson. 


Water Resources of Tennessee. Warren R. Kina. Tenn. Dept. Educa- _ 
tion, Div. of Geology, Bull. 34: 1925. Principally a compilation of all ex- 
isting discharge data for Tennessee streams, including parts of those streams 
in adjoining states. Records at two stations on Tennessee River go as far 
back as 1874 and 1889 respectively and one station on Cumberland River 
back to 1887. Gives precipitation records for 128 stations with good map of 
State showing isohyetal lines. This shows average annual rainfall of Ten- 
nessee fairly evenly distributed and ranging from 48 to 58 inches except in 
headwater region of Little Tennessee River in southwestern North Carolina 
where it increases to 84 inches over a small area. Report contains maps 
showing drainage basin boundaries, power generating plants, and trans- 
mission lines, and table giving data on public water supplies in Tennessee.— 
David G. Thompson. 


“Researches in W. K. Hart. Lafayette, : Purdue Uni- 
versity. Paper; 6 by 9 in.; pp. 102. Reviewed in Eng. News-Rec., 96: 290, 
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Practical Water-Power Engineering. Wm. T. Taytor. New York: D. 
Van Nostrand Co. Cloth; 6 by 10 in.; pp. 270; 32 line cuts, inserted charts, 
33 tables. $10. Reviewed in Eng. News-Rec., 96: 292, February 18, 1926. 
—R. E. Thompson. 


Depreciation in Public Utilities: Relation of Accrued Depreciation to Annual 
Depreciation and Maintenance. Drtos F. Witcox. New York: National 
Municipal League. Boards; 6 by 9 in.; pp. 112. $2. Reviewed in Eng. 
News-Rec., 96: 458, March 18, 1926.—R. E. Thompson. 


Use of Water in Irrigation. Samurt Fortier. New York and London: 
McGraw-Hill Book Co. Inc., Cloth; 6 by 8 inches; pp. 420. $3. Reviewed 
in Eng. News-Rec:, 96: 619, April 15, 1926.—R. E. Thompson. ae 
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Corrosion—Causes and Prevention. Frank N. Spreitzer. McGraw-Hill 
Book Co., New York. This excellent book presents the most comprehensive 
treatment of the corrosion problem in so far as it relates to ferrous metals 
ever published. The author has been making a careful study of corrosion 
for a number of years, and fortunately has been so situated as to be in touch 
with more of the recent work on corrosion probably than any one else. The 
book is divided into two parts—Part I relating largely to the theory and cause 
and Part II to prevention. 

It is only recently that the electrochemical theory of corrosion has gained 
general acceptance, and the most valuable contributions to the subject have 
been within the past 5 years. To review all the literature on corrosion and 
to make over 500 references in the text to such work is by no means a small 
task. The author has also contributed quite freely to the literature on cor- 
rosion and is well qualified to interpret the various views expressed by about 
400 different authors. One reason why progress in combating corrosion has 
been slow is because there are so many conflicting opinions that it is difficult 
for the engineer to know which view to accept. It is believed that the pres- 
ent book will go a long way towards bringing order out of what has hesehe- 
fore been almost chaos. 

Chapter II presents in a clear and convincing manner the theories of cor- 
rosion, and shows why the electrochemical theory has gradually gained ac- 
ceptance over the other theories such as, the acid, the colloidal, the direct 
chemical attack by oxygen, the peroxide, and others. 

“Iron, like other elements, has a definite, inherent tendency to go into 
solution when placed in contact with water. Iron, however, can enter solu- 
tion only by displacing some other element already in solution. For instance, 
a piece of iron placed in copper sulfate goes into solution, but at the same 
time copper is plated out and appears on the surface of the iron. In the 
ordinary case of iron immersed in water, hydrogen is the element plated out.’ 

For corrosion to progress the hydrogen must be disposed of in some man- 
ner. The author believes that in most cases where the hydrogen-ion con- 
centration of the solution is less than a pH of 5.5 (pH greater than 5.5) that 
the oxidation of nascent hydrogen to form water is the prevailing reaction. 
There is a slight liberation of hydrogen gas in many instances when the 
water is slightly alkaline, but the author states that this is not contrary to the 
electrochemical theory. He shows that there are a number of factors affect- 
ing corrosion rates, and that some of the secondary ones may exert a pre- 
dominating influence and stop the primary reaction entirely. Chapter II 
probably is the outstanding one of the book and is well worth the careful 
study of any one interested in the theory of corrosion. 

Considerable space is given to the influence of such factors as manufac- 
ture and composition of the metal. This is well worth the space given, for 
there are a great many structural engineers yet firmly of the opinion that 
the composition of the metal is the main factor influencing the rate of corro- 
sion. The author shows quite conclusively that the amount of corrosion in 
ordinary commercial steel is governed much less by composition or metal- 
lurgical treatment than by the environments in which the metal is used. 
With the exception of ferrous alloys high in silicon, chromium, or nickel, the 
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composition of commercial iron and steel is shown to have little influence on 
the corrosion of metals exposed underwater or underground where only a 
limited amount of oxygen is available. The composition is a more important 
factor when exposed to the weather where there is alternate wetting and 
drying. 

Chapter V, on the influence of factors external to the metal gives an ex- 
cellent digest of the vast amount of research work which has been conducted 
on this phase of the problem. Corrosion is classified under 5 main headings— 
atmospheric, underwater, underground, chemical and electrolysis. Atmos- 
pheric corrosion is characterized by the presence of oxygen in excess, 
moisture being present only part of the time. In corrosion underwater the 
controlling factors are oxygen concentration, hydrogen-ion concentration, 
composition of the water, protective coatings, rate of motion, and tempera- 
ture. Corrosion underground is similar to corrosion under water, but other 
factors may have considerable influence. Such corrosion is usually charac- 
terized by marked pitting. 

The chapter on the methods of corrosion testing will prove of interest 
to any one conducting similar experiments. An attempt to work out 
some means of expressing the relative rate of corrosion has been made, and 
while the value of any such method may be open to question, the expression 
of corrosion rate in inches penetration per year as used by the author through- 
out the book is probably the best method that can be used. 

Part II of the book on preventive measures should be of great interest to 
all users of iron products. The relative merits of the various kinds of paints 
and metallic coatings are discussed in considerable detail. The type of coat- 
ing most suitable for a specific purpose will depend on the conditions of 
exposure. The composition of the various kinds of coatings and the best 
methods of applying brings together a vast amount of scattered information 
and will enable one to determine more accurately the kind of coating most 
suitable for a specific condition. 

Water works officials are more interested in the prevention of corrosion 
underwater and underground than under other conditions. The author gives 
a very good digest of the literature on this phase of the problem. From the 
fact that preventive measures under water are just now receiving consideration, 
we should not expect a solution to all our problems in a book published at the 
present time. Several methods, such as the treatment with alkalies and 
sodium silicate are given. 

A very good outline of chemical corrosion is given. This applies to unusual 
conditions such as corrosion in acids, alkalies and strong salt solutions; that 
is, conditions beyond the ranges of natural waters. The author concludes 
that the greatest need at present on chemical corrosion is more facts. 

The prevention of corrosion underground is discussed in detail. Soil 
corrosion is more complex than atmospheric or water corrosion, and it 
is more difficult to make comparative tests. The description of several types 
of protective coatings which have proven successful in corrosive soils and 
the manner of applying the coating to the pipes is very interesting. 
Stray current electrolysis is briefly defined. The damage done a structure is 
where the current leaves it for the earth. The best means of avoiding elec- 
trolysis is given in a summary of good practice in street railway construction. 
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From the standpoint of the power plant operator, the book is of great 
value. Chapter X, dealing with Deaeration and Chapter XI, on the Treat- 
ment of Boiler Feed Water, are of special interest in this respect. The vari- ‘ 
ous types of deaerators now in practical operation in a number of stations Tae 
are described and the results of deaeration in the inhibition of corrosionare __ 
clearly indicated. The subject matter in this chapter is timely, since the — 
present tendencies toward higher steam temperatures and pressures in modern 
power plants demand feed water from which all oxygen has been removed. 

The general question of feed water treatment has been reviewed by the 
author in a clear and concise manner. He has pointed out the necessity of 
proper feed water treatment as a factor in the prevention of corrosion of 
boilers and other power plant equipment. 

The reviewers find very little to criticise. The author has covered the 
subject well, but he makes it plain that there is not as yet an answer to all 
corrosion problems and stresses the need for more research work. This book 
is a very valuable addition to our library, and no water works official should 
be without a copy.—John R. Baylis and S. T. Powell. 
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